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B TetJeHHe ceMH JieT, rrporne.11.rnux co BpeMeHH rrepsoro Ha6JIIOJJ.eHHll 
11cKyccTeeHHO rroJiytJeHHhIX rc-MeaottoB B BepKJIH, Mb! 6h!JIH CBHJleTeJISIMH 
-01JeHb 6b!CTporo paaBHTHll <f>uaHKH aJieMeHTapHbIX qacTHU. Cefiqac 
nMeercsi, no 1<pafiHefi Mepe, .u»eHa . uuaTb ycKopnTeJiett, Ha KOTOpbIX 
:MOlKHO IIOJiytJaTb TC-Me30Hbl, np11tJeM Ha HeCKOJlbI<HX yc1<op11TeJJS1X rette-
pupyIOTCS! HJJH 0)f{H)laeTCS!, tJTO 6y JJ.YT reHep11posaTbCS1, 6oJiee TS!)f{'3Jlble 
·qaCTHI.lhI. Mo)f{HO cKaaaTb, tJTO B peayJJbTaTe pa6oT, Bb!rIOJJHeHHhIX Ha 
'!?THX JCKOpHTeJI51X, Mb!, no Kpat!Hefi Mepe, KatJeCTBeHHO Bbll!CHHJJH I<ap-
THHY 9JieMettTapttoro saaHMO.ll.efiCTBHSI MeaottoB c tty1<nottaM11 rrpH Ma-
.nhlx 9HEpnrnx. 
c ll.pyrotl CTOpOHbl, IIOHHMaHHe B3aHMOJl.efiCTBHSI TC-Me30HOB c tty-
KJIOHaMH B 113B~CTHOM CMbICJie OTCTa }T OT cpaI<THtJeCKHX )l3HHb!X, OT-
HOCS!W.HXC!I I< 9THM S!BJJett11siM. CJJell.yer, noBH.ll.MMOMy, O)f{HJJ.BTfi, 
tJTO npHMetteHHe TOJ!bKO IIOJ!eBb!X Teop11tl K o6bSICHeHHIO Me30H· 
HYKJJOHHhIX npoueccoe 01<a)f{eTCS1 6eaycrrernttbIM. D.et!CTBHTeJJbHO, 
cymecreosatt11e 60JJbUioro tJHCJJa 6oJJee TSI)f{}JJblX Hecra611JJbHb1x 
'IJ3CTHU aacTaBJJS!eT B HaCTOSllll.ee speMSI COMHeBaTbCS! B ycrrexe IIOJleBb!X 
Teoputt. 
*)Annual Review of Nucle1f Science 4, 219-270 (1954). ITepeso.n: 
A. 11. Jle6eJlesa u A. M. BaJill.HHa. 
400 . M. fEJIJI-MAHH H K. M. BATCOH 
HecMOTpsi Ha TPYllHOCTH np1rnu.J.inHaJ1bHOro xapaKTepa, OKaaaJ1oci. 
BOSMO.lKHhlM ynpoCTHTh o6osicueHHe 9KcnepHMeHTaJTbHbIX <fiaKToa, npliMe-
HSIH K Me30HHbIM peaKU.HSIM pa3J!Hl!Hble ¢eHOMeHOJJOfHl!eCKHe Teop1m. 
Bo MHOrHx CJJytrnHx 9TO ObIJJO He 6on&me, qeM ucnOJJbSOBBHHe HeKo10• 
pbIX OOlUHX KB3HTOBO-MeXaHHqecKHX npHHl.I.lmOB COBMeCTHO c H(KOTO-
pbIMH cj)M3HttecKHMJf coo6pa.lKeHHHMH, sauMCTBoaattHblMH H3 6oJJee stta. 
KOMolt o6JJaCTH - si,n:epHotl $H3HKH. B HeKOToph1x cnyqasix npe.llnara-
JJHCb TlUaTeJJbHO paapa6oTaHHble MO,D.eJIH; HeKOTO{:ble H3 HHX OK333JllfCI, 
aeCbMa TIJIO.IlOTBOpHbIMH. 
OcttOBHOtt aa,nal!ett 9TOtt CT3TbH SIBJJSleTCH TIOTibITKa coopatb Teope-
TffqeCKHe coo6pa>KeH1u1, KOTOpble HCil0Jlb3YIOTCSI npH 1rnyl!eHHH CBoltcra 
MeaoHa. Mb! ctpoHM Mo.n.eJJb npu tpl!x npe.n.noJJo>KeHmrx: 
1) Pa.zU1yc B33HMo.n.eftcTBHH .Meaotta c HJKJIOHOM KOHel!ett. 
2) PaccMaTpHBaeMble HBJreHRsr y.11.oaJ1etaopmoT tpe6oaaHHHM aapH.llO· 
BOD HeaaBHCHMOCTH (T. e. coxpaHHeTCH H30TODHl!ec1rnft cnHH I). 
3) Oco6etttto CHJlbHOe BSaHMo.uettcTBHe (npHTH.lKeHHe) cymecrnyet 
B cocTO!lHHH CHCTeMbl Meaott - HJKJIOH I= 3 / 2 , j = 3/ 2 , l = 1. HHlK~ 
llOKaSbIBaeTCH, l!TO STa MO,D.eJJb xopowo corJJacyeTCH c HMelOIUHMl1Clt 
9KCnepHMeHTaJlbHbIMH ,naHHblMH npH «HH3KHX 9HeprHS!X>; aaTeM paccMa-
TpHB3IOTCH MeCTO 9TOft MO.IJ.eJJH B 6oJJee no.llp06HblX H 06mJ1x Teop1rnx 
H COOTBeTCTBYIOUI.He SKCnepHMeHT3JlbHhle .naHHble. 
Mb! H3l!H~M c <j>eHOMeHoJiornqecKoro pacct10TJ)eHHS1, o6oe,IJ.HHHIOIUem 
o6mue npHHlJ,HTibl KBaHTOBOtl MexaHHl<H c npoCTbIMH cpH3Hqecl<HMH coo6-
pa>KeHHHMH (CM. CJJe.nyIOlUHA pa3.II.eJJ), H OOCY.llHM B CBeTe 9THX npHH-
U.HilOB 9KCTiepHMeHT3JlbHble .ll3HHble. naJiee 6y.ll.yT paCCMOTpeHbl peayJib-
T3Thl 6oJJee yrny6JJ!5HHblX fiO.llXO.llOB K npo6JJeMe. 
HEKOTOPbIE <t>l13114ECKI1E C005PA)f{EHI151, 
OTHOC5IWJ1EC51 K 7t-ME30HAM 
0 6 m H e n p H H u. H n hi. CttaqaJJa Mhl paccMoTpHM npo6neMy croJI-. 
KHOBeHHSI ,ll.BJX TeJJ, BKJIJ0l!3SI pO.lK.l{eHHe (H IlOfJJOllJ,eHHe) H paccesrn.11e 
'lt-MeaoHoB Ha tty1<n0Hax. Hau6onee HayqeHHb1e H3 9THX npoueccos pac-
na.II.aIOTCSI Ha TpH KJJacca: 
Pacce!lHHe ( S): 
7t + N _, 7t + N (mecTh). 
(Mbl HcnoJJ&ayeM cooTBeTCTBeHHO o6oatta'-leHHSI '7t " N .D.JJ!I MeaoHa 
H HJKJIOHa 6e30THOCHTeJibHO I< HX sapH.nOBblM COCTOHHHHM.) 
<t>ornpom.nettHe (P1): 
1 + N-.= 7t + N (IJe'rh1pe). 
Pom.lleHHe npH coy.napeHH!lX HYKJIOHa c ttyKJIOHOM (P n): 
N + N:;:= 7t + N + N (ceMb). 
B3AHMO.ll.EttCTB~E ~-ME30HOB C HYKµOHAMH 401 
Mo>1<HO o>KH.n.aTh, 'ITO npH .n.ocTaTOqHO BbICOKHX -aHepnrnx B Ka>K.n.o3 
11$ 9THX peaKU,Htt 6y.11.eT Ha6JIIO.ll.3TbCH po>K.neHHe .no6aBO'!HhIX Me30HOB. 
J{poMe Toro, MoryT po>K.n.aThCR M .11.pyrne HecTa6HJihHbre qacTHl,(hl 1., 
q1wia B CKOOKax cnpaBa OT ypaBHeHMtt peaKu.Mtt yKa3hIBa10r 'IHCJI<>, 
B03MO>KHblX Me30HHhIX H HYKJIOHHblX aapH.n.OBblX COCTORHHlt 
Mhl aattM~MCR 9THMH peaKU.HRMH B octtoBHOM npM MaJihIX aHeprnRx. 
flOJl. cMaJihIMH 9HeprHRMH> no.npaayMeBaeM T3KHe 9Hepnrn, IlpH KOTOpbIX 
p,e-6pottJieBCKaR .nmma BOJIHbl MeaoHa A. (B CHCTeMe u.eHTpa MHepu.HH) 
He MaJia no cpaeHeHMIO c pa.n.MycoM .11.ettcTBHll CMJI. Bp».n. JIM MO)J(HO 
O)l{H,!l,aTb, KpOMe CJiyqaff KJJIOHOBCKOfO B33HMO.n.efiCTBHR, 'ITO 9TOT pa-, 
Jl.HYC 6y.a.eT MHOro 60JibWe KOMDTOHOBCKOil .lJ.JIHHbl BOJ!Hbl 
fi p:c. 
r.n.e p. - Macca noKoll Meaotta. OTcJO.n.a BhITeKaeT ecTeCTBeHHOe npe.n.no-
JIO>KeHHe, qTo Op6HT8JlbHhitt MOMeHT KOJIHqecTBa .11.BH>Kemrn, 60Jih-
llllil1 lfi, r.n.e 
l=-1 .i A. p.c ' (1} 
He 6y.rr.eT HrpaTb cyruecTBeHHOR pOJIH B paccMaTpHBaeMhIX peaKUHRX. 
ilJISJ HJIJllOCTpau,HH Ha pHC. 1 HaHeCeHO /, Onpe,neJI~HHOe H3 ¢opMy-
Jlbl (1), B 33BHCHMOCTH OT 9HeprnH MeaoHa B Jia6opaTOpHOfi CHCTeMe 
l 
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PHc. 1. 3aBHCHMOCTb aaH60J1b11Iefi BeJtHqHHbl 
op6HT3JlbHOro MOMeHTa (Bblpa'lKeHHOfO 13 e.nH-
HIU{ax '/;,) npH pacceRHHH n-MeJoHa Ha HY-
KJJoae OT SHepnm 1t-Me3oHa a naooparopHofi 
CHCTCMe KOop.nHH3T. 
1<0op.1urnaT .ll.JISJ npou.ecca pacceHHHR (06oaHa11eHHoro Bblllle 11epea S)· 
QqeBHD.HO, 'ITO D.Jlll MHOrHX npouecCOB H Jl.JIH 3H31JHTeJibHblX o6JiacTett 
9HeprnH .11.0CTaTOIJHO J11HTblB3Tb o.n.Ho-.nsa 3HatJeHHR BeJIHlJHHbl l, 
ec;m cnpase.n.JIHBO npe.n.noJIO>KeHHe OTHOCHTeJibHO BeJIHqHHbl pa.nHyca 
M, rEJIJI-MAHH H K~ M, BATCOH 
..11.elfcTBHSI CHJI. Ha nocne.nyromero 6y.neT ficHo, qTo sro aaKJIIO'l:fe"' 
HHe oKaahleaeTcsr npaeHnbHblM, npHq~M cymecTBeHHYIO ponb HrpaeT 
.JIHWb OJI.HO COCTO.llHHe c e,nHHHqHblM op6HTaJibHblM MOMeHTOM (P-co-
CTOHHHe). 
TaK )l{e,. KaK B SI.llepHOlt <f>H3HKe, npe.!lTIOJlO>KeHHe 0 KOHe"lHOCTH 
pa.n.Hyca CHJI npHBO.llHT K cneuHqlffqecI<HM cne.n.CTBHSIM. Hanp1rnep, eCJIH 
.JI.JUI HCnycKaHHH (HJIH nornomeHHll) qaCTHUbl HrpaeT cymecTBeHHYIO 
iIJOilb TOJlbKO 0.U.HO COCTOSIHHe op6HTaJibHOrO MOMeHTa, TO 9HepreTH'le-
<:KaH aaBHCHMOCTb ceqeHHSI npH MaJihlX 9HeprnHX onpe.n.eJISleTCH 0.ll.HO· 
aua•mo *). 3HepreTHqecKHe aaBHCHMOCTH HHTepecylOlll.HX ttac npol.(eCCOB 
npe.n.cneneubl e Ta6JIHUe I. B 9TOR Ta6JIHUe q - 11Mnyn&c Meaotta B 
CHCTeMe ueHTpa HHepuirn.J 
~ 
~ 
3aeHCHMOCtb ceqeHHSl oT HMnyJI&Ca norJiow.1eMoro, u;11ycKaeMoro 
· HJIH pacceHBaeMoro MeaoHa npH «MaJiblX 9Heprm1u t), 2) 
Hcny- Hcny-
norJio- CKaHHe B CKaHHe B Pac-THn npou.ecca COCTOH· COCTOH· 
w.eHHe 
m1e 11syx Htterpex cesrnue 
qacrm.i. qacrnu. 
3aBHCHMOCTb ceqeHHSI OT HMllY JlbCa 21-1 q21+1 q21+4 q4l .q 
3aBHCHMOCTb «Marp11qttoro SJie-
ql q' q' q2l MeHra» or HMny JI&ca . . 
1) q ....;_ HMny JlbC Me30Ha, l - ero MOMeHT. 
2) ECJIH HeCKOJlbKO HCnyw.eHHblX qacTHU. CHJlbHO B3al'iMO)l.eikreyior 
.npyr c .npyroM, TO aaBHCHMOCTb OT q MOlf<eT H3MeHHTbCH, HO 06blqHO 
npoCThIM o6paaoM. (CM. paa)l.eJI «PO>K)l.eHHe 7t-Me30H08 npH coy)l.ape-
HHSIX HJKJIOHa C HJKJIOHOM».) 
Kor.a.a cyrn.ecTBeHHhl JIHIIIb O.ll.HO-.llBa co6cTseHHb!X attaqeuHll MOMeH· 
1'a KOJ!HqecTBa .ll.BH>KeHH!I, TO MO>KHO Q)!(H,UaTb npOCTOlt aaBHCHMOCTH 
.ceqeHHH OT stteprmr. (ll.JIH oonee qeM o.a.ttoro l tty>KHO OiKHJI.aT& JIH· 
tteRHOR KOM61rnau.HH COOTBeTCTBYIOllJ.HX qJieHOB B Ta6mm.e I.) Ha pRC. 2 
*) CToKalfCeM aro. CTycr& T (r) - Marpnu.a paccesrnnll, onuc&rnaIOma11 Mcny· 
-<:KaHHe qacTmJ.bl c KO()p.ll.HHaroii r. CTpe.11.noJIO>KHM TaKll<.e, 'ITO T (r) ncqeJaeT 
.II.Jill r > R. H qro TOJlbKO COCTOSIHHe I MOMeHTa KOJmqecrsa ,lJ.BHlKeHHSI Hrpaer 
cymecTseHHJIO poJI&. Tor,11.a aMOJIHry,11.a sepOHTHOCTH roro, '!TO ncnymeHHall 
'13CTHU.a 6y.ner 0IlHCbl83TbC.SI QJIOCKOH BOJIHOH q,q (r), r)l.e q - HMilJJibC, pasHa 
A= J<I>q(r)·T(r)d3r, 
TaK KaK l-H napu.HaJI&Hall cocraBJIHIOUJ.aH <I>q MeHaeTcSl KaK · ( q; )' JI.Jiil 
. i i r< q, To .Mbl liMeeM A,...., q1 .D.JI» q > R. 
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(paemrnaIOTCSI saBHCRMOCTH OT sueprnn 9KCnepnMeHTaJlbHbIX I10JIHb1X 
cetiett»tl c npocTblM'lt cTeneHlibtMH aaKOHaM'lt. 3a HcKmoqettHeM npouecca 
p1(y + p - Tt"+ + n) CTenem-IOtl aaKoH, cooTBeTCTBYIOlllHtl P-cocTOSIHHIO, 
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PHc. 2. a) CpasHem1e ceqemrn paccesrnm1 -rr+ -Me30:1oa Ha nporoHax c 3aKoHoM 
q,..,, q4, r.ue q - ttMrry JibC Me3otta s rncreMe u,eHrpa 1rnep1um. ToqKH B3siTbl »3· 
paooTbl: ¢ - Leon a rd S. and Stork D., Phys. Rev. 93, 568 (1954) tt 113 
pa6or, yKa3aHHblX B ra6JIHu,e lll: ¢ (d), 4- (e), f (g). 
b) )1.aHHble HJMepeHHH .llyp6HHa P., Jlopa X. H Creiitt6eprepa )l>K. [Phys. Rev. 
84, 581 (1951 )J no peaKUlili 7t+ + d-+ p + p cpaBHHB3!0TCSI c 33KOHOM a - q. 
c) a (-y + p-+ 1to + p), H3MepeHHO'.! roJI.!llllMH.!lT-KilepMOHTOM K>., Oc6opJOM JI. 
H CKorroM M. {Phys. Rev. 89, 329 (1953)!, cpas.rnaaercll c JaKOHOM a,_. qa. 
d) 3KcrrepttMeHraJibHOe ceqeHHe rrpouecca l + p-+ 7t+ + n cpaBflHBaerc11 c 33• 
KOHOM (J,..., q <- - - -) H c 31KOHOM r; ,..._, qa (-·-·-·-). f1oapo6HOCTH 
' CM. B pa3.UCJie «<l>oropo>KllCHHe 1t-Me30HOB Ha HJKJIOHaX». 
OKa3bJBaeTcsi ,snoJIHe y.n.oeJieTBOpHTcJibHb!M. B y1rnaattHOM :me 'tny-
tiae Tpe6yeTCSI mrnetlHaSJ KOM61rnaU.HH S- H P-BOJIH .na>Ke .n1111 .n.oeoJibHO 
HH3KHX . 9Heprntt "(-KBaHTOB. 
M~ fEJIJI-MAHH H K. lrl, BATCOH 
BTophlM cne.ncTsHeM Han:ero npe;rnono>1<eHH!I o cyUJ.eCT!!eHHOtt po;n~ 
He60JibllIOfO lJHCJra aHalleHHlt op6HTaJibHhIX MOMeHTOB :ipH HH3l<HX 9Hep,. I 
rm1x SIBJl!leTCH TO, llTO .ilJl!I Hawero paccMOTpeHHSI 6y.nyT cyLU.eCTBeHHf,f 
aaKOHbl coxpaHeHHSI MOMettTa H l!~THOCTH. Eho o6cTOHTeJibCTBO 6y.n;e.f 
paaBHTO 6onee no.npc6Ho npH paccMoTpeHHH Ka>K.nott pea1<1.urn B o1• 
)l.eJJbHOCTH. 
l1MeeTCH, Oll.HaKO, Oll.Hff oco6eHHO Ba)l{Hb!R acneKT aaKOHOB coxpa. 
HeHHSI MOMeHTa H qi;THOCTH, Ha KOTOPOM Mhl 3.ll.€Cb OCTaHOBHMCSI. 1r-Me-
80H OOHChlBaeTC!I nces.nccKaJr!lpHOtt ¢YHKUHeA 2• 3; 9TO OaHallaeT (n~ 
onpe.nenemno), llTO Hcnyc1<aHHe e.nHHWrnoro MeaoHa oT.neJJbHhlM tty1rno. 
HOM ,llOJJif<HO npoHCXO,llHTb B COCTOSIHHe c Hel/t!THblM opOHTaJibHhlM M()-
MeHTOM. OoJJHhlA MoMeHT .non)l(eH, o.nHa1<0, ccTaBaThCll paBHhIM j = 1/ 2, 
TaK l<aK 9TY BeJJHl/HHY MOMeHTa HYKJIOH HMeJJ B H8l/8JlbHOM COCTOl!HfH!, 
E.LlHHCTBeHHOe Hel!§THoe COCTOSIHHe CHCTeMbl Me30H-HYKJIOH c j = Lf z 
ecTh / = I, T. e. P-cccTosim1e. TaKHM o6paaoM, npocToA npouecc· Hc-
rrycKaHHSI (HJIH 00rJJOlll.€Hl1ll) .nOJI)f((ff BCer.n.a npOHCXO.ll.JITb B (HJIH Ha) 
P-cocTOSIHHe(si). 
OTO, ecTeCTBeHHO, He SIBJIHeTCSI npaBHJIOM oT6opa .nnsi cjn1aH11ec1<Hx: 
npoueccoB, TaK KaK npocTL1e HcnycKaHHe H nornorn.eHHe He MoryT npo-
ucxo;u1Tb OT.11eJJbHO OT .llpyrnx HBJJtHHtt. c .n.pyrott CTOpOHbI, eCJIH 9Tff' 
rrpocTble Hcnyc1<am1e H ncrncrn.rnHe S1BJIS110TCS1 aa>KHhlMH sTanaMH B cjm-
auqeCKoA Kaprn11e Hcnyc1rnm:rn HJIH nor JIOlll.fHHH, TO coBepmeHHO ecre-
CTBeHHO, 'ITO P-ccCTCHHHe .n.OJI)f(HO npec6Jia,naTb (npH Hl13KHX 9HeprnHx). 
oTO SIBHO no.nTBep>1<.naeTcS1 sI<cnepMMeHTOM (cM. puc. 2 H cJJe.n.yroruHe 
paa.ll.eJib!) H, B006UJ.e fOBOpH, He HBJIHeTCH H€COBMeCTHMblM co MHOrHM!I 
CJte.n.CTBHSIMH IlOJ!fBOtt TeopHH. 
Tenepb Mhl MO)l(eM no.llBeCTH HTOr co.nep)l{aHHIO sToro paaJ1.ena. JI.o-
nycI<asi B03MQ)l(HOCTb HCKJIIOl!HTeJibHblX cnytiaeB, Mbl npHHHMaeM, lJTO 
Of.JI HH3KHX . 9tteprnsix Me30HHble peaKUHH H.11YT llepea P-cocTOllHHe. 
Cne.n.yeT, KOHelJHO, 0>1<u.naTb HeattatiMTeJibHYIO npHMeCb .npyrnx cocro11-
HHtt. 3aBHCHMCCTb Ce'IeHHSI OT 9HEprnH npi .nccTaTOllHO MaJlblX 9Hep· 
rm1x 0.llH03H84HO onpeJieJJSl€TCH COOTB€TCTBYIOW.HMH COCTOHHHS!MH op6H· 
TaJibHoro MOMeHTa. HaKcneu, HY)l(HO npHHHM8Tb BO BHHMaHHe npaBirna 
or6cpa H .11.pyrne CJI€.ll.CTBHfl aaKOHOB coxpaHeHHfl MOMeHTa H q/}THOCTH. 
UenhJO 60JihUJHHCTBa ¢eH0MeHonon1qec1rnx aRanuaos CBottcrs MeaoHoe. 
6h!Jl0 orrpeneJteHHe npe.ll.eJJOB npHM€HHMOCTH 9TOf;I MO.D.€JJH. 
r H no Te a a a a p Si .n. o a o tt He a a B H c H Moc T H. flmo1eaa aap11-
.noaot\ ReaaBl!CHMOCTH ynpoiuaeT Hay'Iettlle MeaOHHhlX sianeHHlt noa11.nll· 
MOMy anepBhle 9Ta runo1eaa 6h!Jia BhI.llBHHyTa B 1936 r. EpEATOM 
H <l>11tt6eprOM 4 ' I<OTOpble Cl!HTaJIH, qTQ Sl.LlepHble Cl!Jlbl n - n, p - p 
H n - p HBJlSIJOTCll O,ll»H8KOBb!MH .LlJlH COCTOHHHA c paBHbIMH MOMeHTaMH 
H q§THOCTblO (tiro, KaK H3BECTHO, no 1<pattttet\ Mepe, npH6JIH3HTeJlbHO 
aeptto .nnsi MaJlblX stteprntt). oTo npe.nnoJJomrn11e ocHOBhlBaJWCb Ha OJJll-
i!OCTH BeJIHl/HH 9Hepnm CBSl3H H 8Hl}Jl0rHH CBOttCTB paccellHHSI HeATpCHOB. 
ll npOTCHOB. l1Hal!e roBopsi, fCJIH COCTOSIHlle CHCTeMhl .nsyx TeJJ KJiaccH~ 
qmuupoB8Th KB8HT0Bb!MH l/HCJJBMH (j, s, 1t', Q), r.a.e Q- aapsi.a., s-
B3AMMO.D.EttCTBHE -'lt-ME30HOB C HYKJIOHAMH 405 
cnHH, j - IlOJIHbitt MOMeH1'' 'It - q;THOCTb, TO rnnoreaa aap11.noeolt 
. He3aBHCl1MOCTl1 yTBep>1<.11.aeT, llTO B3aHMO.nettcTBl1e He 33Bl1Cl1T OT Q. 
· KeMM~P 5 no1rnaan, KaK noCTpoHTb Me30HHYIO TeopHIO, .n.a10w.y10 
11JI.epllble CH.llbl, He 38BHCSIIUJ.fe OT aapsi.na. 3aTeM fattTJiep 6 yKaaan, 'ITO 
7eopHSI KeMMepa .uon>1<Ha npHBC.UHTb K npas1rnaM oT6opa 11 cooTttollle-
HHllM HHTeHCHBHOCTH s MeaOHHhIX peaKUMSIX. BBH.n.y ttecoeepUieHCTBa 
. .Me30HHbIX reoptttt X<eJiaTeJibHO OT 11.eJIHTb fHllOTesy 38pRJJ.OBOtt HHB8PH-
. .aHTHOCTH OT Me30HHblX TeopHR. i:ho MO>KHO c.nenaTb cnoco6oM, KOTO-
pblfi 11.aeT npocTylO 11HTepnpeTaumo aap.11.n.oaon tteaaav.c11MOCTH. B HaH-
{)oJJee o6mett cpopMe paJ,lSIJJ.OBaSI Hl 3aBHCHMOCTb 03HatJaeT' 'ITO HettTpOHb[ 
II npOTOHbl <jJH3HtfeCKH foaepllJeHHO 9KBHBaJieHTHbl, t'CJIH OTBJ!e%CSI OT 
<:Jia6bIX eaaHMo.nef;!cTBHR (ttarrp11Mep, 9JieKTpoMarttHTHbIX B3aHMO,llef:ICTBHtt 
II ~-8331-IMO.neRcTBHfi). ::ho 03HatJaeT, 'ITO BOJIHOBaSI ¢YHKUHSI, KOTOpasi 
,crpOHTCSI KaK JIHHettHaR KOM6HH8ll.HR HettrpOHHOfi M npoTOHHOit BOJIHO-
.lJblX QlYHKUMit, .u9m1<tta 6bITb cpnaHtJeCKH 9KBHB3JieHTHa BOJIHOBOtt cflyttK-
Jilll! Hef:ITpOHa HJIM npOTOHa. 
B MaTeMaTH'lecKott qiopMe 9TO oatta'laeT, '!TO o6mee yHHTapttoe 
rcpeo6paaoaamte, KOTopoe 3aMemJeT BOJiiJosy10 QJJHKlUJlO Ka)l{Jloro uettT-
poHa liJIH npOTOHa CHCTeMbl JIHHeftttof:I KOM6HHaIJ.Heft ttettTpOHHhIX 11 npo-
:TOHHhlX BOJIHOBhlX 4>YHKUHtt, .nom1rno OCTaBJISITh HeH3MeHttb!Mll 4>H3H'le~ 
-CKHe CBOUCTBa CMCT€Mhl. 0TBJieKaHCb OT cpaaoaoro MHO}l{HT€JlH, !:>TO 
11peo6paaosam1e 9KBl1 B8JieHTHO ( H30M0pcfrno) CTJHHOpHOMY npe.ncTaBJJeHHIO 
rpynnbI BpamettHft B npccrpaHCTBe Tpl:;x H3MepeHMi1 (9TO rrpoCTpaHCTBO 
(\blJIO Ha3BaHO <3apSIJJ.OBblM npocTpaHCTBOM> ). 3J].eCb MO}KHO npoBecnr 
rconeaHyIO attaJIOfHIO. I1ttaap11aHTHOCTh cfl.113H'leCKOtt CHCTeMhl no OTHOUie-
HlllO K BpallI,eHHSIM - B o6bI'lHOM npocTpattcTBe npttBO.llHT K coxpatteHHIO 
MOMeHTa, onepaTOpbl KOTOporo npOH3BO.llSIT Bpalll,eHMSI. 113 HHBapHaHTHO-
qH no orttoruettMIO K . «aapHD.OBb!M apamettMHM» cJ1eJJ.yeT coxpauemie 
<PMatt'leCKHX BeJIH'lHH, onMCb1saeMb1x onepaTOpaMH sToro Bpalll,ettHSI. Hx 
co6cTBeHttbie 3H3'l€Hlnl H33bIB3IOTCSI H30TOllH'leCKMM CTIHHOM. 113 auano-
nrn. c MOMeHTOM SICHO, '!TO 9TH «onepaTOpbl Bparu.emrn B aapSIJI.O-
BOM npOCTpaHc7Be> cpopM3JJbHO COBil3,ll3IOT c orrepaTopaMH MOMeHTa, 
TaK 4TO MO>KHO MCllOJlh30B3Tb TOT )l{e MaTeMaT:H'leCKHfi arrnapaT 
6ea H3MetteH:Htt. 
8 tJaCTHOCTl:I, MO>KHO BB€CTM }LBe l<OMITOHeHTh! BOJIHOBOtt <!JYHKil.HH 
,ll,JISI HYKJIOHa, OTHOCHUI.HeCSI K HettTpOHHOMY M K npoTOHHOMy COCTOSI~ 
HJ!llM. «BpaIUeHHSI B aapSl,ll.OBOM npcCTp8HCTBe» OllHCbIB3JOTC.SI TpeMSI .nayx-
PllJJ.HblMH MaTp11uaMH. -c1, -c2 11 -c3, KOTOpb!e ¢opMaJlhHO 9KBMsaneH'rnhl 
Cill!HOBblM MaTpnuaM TiaynH. 'tJ, 2, 3 - SIBJISllOTCSI KOMllOHeHTaMH BeKTO-
pa .. (no OTH0lli€HHIO K 38pSI.U.0BbIM spameHHSIM) B TpexMepHOM aapa.n~ 
llOM npocTpattCTBe. llJISI CMCT€Mhl HeCKOlbKHX HJKJIOHOB IlOJIHhltt H30TO-
UH'lfCKl!fi CllHH I Moil<eT 6h1Th noJiytJeH TaK )!{e, KaK rIOJitthlft cmrn s 
B cJJy'lae OObI'lHOro crrHHa. 4TOOhl Bh16paTh onpe.n.eJI~HHoe npeJLCTaBJie-
HHe, Mb[ npe.nnoJIOiKHM, 4TO npOTOH HMeeT H30TOTJH'l€CJ<Htt cmrn, Ha-
npaBJieHHbll% <JIBepX>, a HettTpOH - <BHH3>. (3TOT Bb160p, KOHe'lHO; 
npOH3BOJJett H BMeCTO Hero qacTO 6epeTCSI o6p8THblit.) 
M. rEJIJl-MAHH H K. M. BATCOH 
npHHUJfil O.llH03H81JHO pacnpOCTp8HSleTCR Ha HeCTa6JfJJbHble 1J8CT1!1(14 
l I 
KOTOphle MoryT o.nHOKpaTHo Hcnyc1<aTbCS1 HJIH nornow.arbcsr HYKJiotta1,111• : 
HanpHMep, paccMoTpHM 11cnyc1<aHHe ~-MesoHa npoToHOM. 3apst,no883 · 
HesaBHCHMCCTb yTBep>K.naeT, 1JTO 9TOT npouecc HcnycKaHHSI He Ha~. 
HHTC!I, Kor.na B peayJibTaTe «BpameHHSI> npoTOHH3SI BOJIHOB3H <PYHl<l(1!3 
aaMeHl!TCH JIHHettnon KOM6HHSUHt:tl fl{:OTOHHhIX H He.ltTpOHHhlX BOJIHOBhlX 
<PYHKUHR. QqeBH.llHO, lITO TaKOe <apameHHe> .llOJlll<HO saMeHHTb 'lt+-1o1e. 
30HHYJO BOJIHOBYJO <PYHKUHIO ,fIHHt:.ltHOtl J<OMt>J.IHBUHett ,.+., 7r· H iro. 
Me30HHblX BOJIHOBblX <PYHKUHA, TaK KaK HettTpOH He MO)l{eT HCnyc1<aT~. 
tt+-Mesoa. 3To eCTb Tp~xMepHoe (m:np1rno.nJfMOe 7) npe.ztcTaBJienne 
rpynm,z BpameHHA B Tpex HSMepeHHSIX, npHlieM Me30H HMeeT <H30TQ.. 
IlJllieCKHR CilHH >' paBHbltt e.nHHHUe c oneparopoM H30TOilH'leCKOro MO. 
MeHTa t. I1TaK, Ka)l{.ll.bltl Me30H HMeeT HSOTOilHlieCKHtt CilHH 1, 1<3.lK.l(b!A 
HYKJIOH HMeeT H30TOilHliecKHtt cmrn 1/ 2• CoCTOstHH!I CHCTeMbl Ha HeCKOJlb.._ 
JCHX HYKJIOHOB H Me30HOB MO)l{HO pa3Jl0}1\JfTb no COCTO.llHH.llM IlOJIHoro. 
H30TOnHlfeCKOro CilHHa I, B IlOJIHOA aHaJIOrHH c COOTBeTCTBYJOI.Uett 33.1(3• 
ttett .nnsr o6bllIHoro MOMeHTa. CocTOstHJfe I (2/ + 1 )-KpaTHO BblpO)l{JleHo, 
npH'leM llO.llCOCTOSIHHSI .llHH3MH'leCKH 9KBHBaJieHTHhl. 
ECJIH TpeTbSI KOMilOHeHTa t SIBJISleTCSI D.HarouaJibHOtt, TO MeSOHHble 
BOJIHOBhle ¢YHl<UHH npH apameHHSIX B aapH.llOBOM npocTpaHCTBe npeo();.. 
pasyIOTCH KaK wapoab!e <jlyHI<U.HH nepsoro nopHD.Ka: 
«I>(~) ...... YI, 
·<[> (n:O) ...... Yf' 
«> (7r-) - v11. ) (2} 
3apHD.OBble onepaTophl Meaoua n HYKJIOtta, BblpaiKeHHbte B e.n,HHHl\ax. 
aapS!.lla npOTOHa, COOTBeTCTBeHHO paBHhl 
(3}· 
CTOJJHhllt cnMH I ( <M30TOnM'leCKH1t cnMH>) .QJISI HeKOTOphIX npOCTb!X 
CHCTeM Ha MesouoB H HYKJIOHOB np1meD.eH B Ta6mm.e II. Kam.11.oe 
H3 STHX /-cocTOSIHld1 5JBJISleTCSI HHTerpaJIOM D.BH:>KeHJUI .llJIH COOT· 
BeTCTBYIOlllHX CHCTeM. (2/ + I) Il0.II.COCTOHHM1t .llJl.ff K8}1(.U.Oro H3 Hl!X 
9KBMBaJieHTHbl, 'ITO 03Ha'laeT, 'ITO o6mee 'IHCJIO pa3JIH'lHhIX peaKUl!tl 
CHJihHO yM«' HbWeHo. HanpMMep, B nepaoii qacTM sroro paan.eJia (cM. 
<06m.He np1mu.11nb1>) yKa3blB3JIOCb, 4TO HMelOTCSI llleCTb peaKUHtt pac-
CeSIHHSI ( S). I1s Ta6JIHUhl II cJie.ztyer, 'ITO npH 9TOM cymecrsy10T TOJib~ 
KO .D.Ba /-COCTOSIHHSJ; Il03TOMY ua.n.o HCCJie.n.oBaTb TOJ!bKO .nBe, a He 
llleCTb pea1mHf:1. Yla ra6;rnuh1 11 Bll.!1.HO, tJTO .D.JIH npoueccoB (Pn)' 
I= 0, 1, l H, .:neD.OBaTe.1bHO, cymecTBylOT He. ceMb, a TPH uesaBHCH·· 
Mb1X npou.ecca. 
B3AHMOAE«CTBHE .~-ME30HOB C HYK~OHAMH 40T 
Ta6JJ:Hl:U II 
Bo3MO}!{Hble eeJIM'IHHbl H3oronHqecKoro cnHHa JJ.JISI HeKoropblX 
CHCTeM H3 Me30HOB H HYKJIOHOB 
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HaKOHel.(, HYiKHO OTMeTHTb, 'lTO aap11.11.0BaH ueaaBHCHMOCTb B e~ 
coepeMeHHOil lj>OpMyJrnpoeKe He SIBJ!SleTCSI C1'pOrofi H3-3a <CJJa6bIX B38H-
MO,llefiCTBHlh, l<OTOpble et; uapywaJOT (9JJeKTpOM8fHHTHble B3aHMOllett-
CTBHSI BhlAeJISllOT ttanpaanem1e B aapSl.LI.OBOM npOCTpaHCTBe, [103BOJISllOUI,ee 
pasJIH'IaTh npoTOHhl H ttettTpOHhl H T. JI.). 8To oattaqaeT, l{TO 6y.ll.yT 
cymeCTBOB8Tb nepeXO.ll.bI MeiKJIY paaJIHl{ffhIMH /-COCTOSIHMSIMH; 0.ll.H8KO-
OHH, aep051THO, B TeX SIBJ!emrnx, KOTOpble Mhl 6y .ll,eM paCCMaTpHBaTh. 
HMeIOT BTOPOCTenem1yio pOJib ( 3a HCKJIIO'leHHEM cneUH8JlbHhIX CJJyl{aea. 
9JieKTPOMarHHTHOf0 B38HMO.ll.ettcTBMSI, KaK, HanpHMep, ¢0Topom.11.ettne 
Me30HOB). 
r H TI 0 T e T H 'I e c K 0 e c 0 c T 0 SI H H e c H JI h H 0 r 0 B 3 a H M 0 .n e tt-
c TB H H c H c Te M bl Me 3 0 H-H y K JI 0 H. COCTOHHHH C.HCTeMhl, COCTOH-
lllett Ha 0.11.Horo Meaotta H 0.11.ttoro ttyKJIOHa, ll'Meiom11x H30TorrnqecKMA 
cmm J, MOMeHT J!Mny JlbC8 j H op6RT3JlbHhIA MOMeHT l o6o3Ha'lHM TaK: 
(/, j, l). Ha MeaOHHOtt Teopm1 Bh!TeKaeT, qTo npH HeKOTOpb!x stte.p-
nrnx COCTOSIHMe (3/2. 3/2. 1) .11.0JI)f(HO OblTb COCTOHHHeM ocooeHHO CHJJb-
HOfO BaaMMOJJ,ettcTBMH. Ep101mep 8 npHHSIJI 9TY mnOTesy, npe.n.noJIOiKHB, 
'!TO pacceuuie B 9TOM COCTOSIHHH npOXO.ll,HT 'Iepea peacttaHC npH 9Hep-
r1m MeaottoB OKOJIO 200 Mao (B JiaoopaTOpttctl cHCTeMe Koop.11.uttaT). 
8ra nmOTeaa Be.ll.6T J{ HeKOTOph!M CJ!e.ll,CTBHSIM .ll.JlH Me30HHblX SIBJ1eH11tt, 
IWTOph!e OY.11.YT paCCMOTpeHbl HUiKe. }{oJIJ!'leCTBO .11.aHHhIX B TIOJ!b3Y TOrO, 
'ITO peaottattc .n.ettcTBHTeJihHO cymecTByeT, see apeMH yaeJ111q11aaeTcH. 
P ACCE51Hl1E 1t·ME30HOB HYKJIOHAMH 
HayqeHh! CJie.LI.YIOUJ.He 9J1eMeHrnpm.1e npol.(eccht pacceRHHSC 
'lt++p-'lt++p 
1t- + p - -zr- + p 
1t'-+p-izt0 +n 
M. fEJlJl-MAHH H K. M. BATCOH 
JI.lf<PtJ>epellU.HanbHble ceqeHHH 9THX npou.eccoe o6oaua'IHM COOTBeTCTBeHHO 
o+, a~ H ae, a .II.Jiii nonttoro ceqeum1 npHMeM 06oauaqemu1 at, a'i 
H a~. (Mb! 6y.neM B JJ.3JlbHetlmeM ynoTpeOJillTb 0003HalleHMll a H Or 
<:OOTBeTCTBCHHO .llJlll .ll.H$$epeHU.H3JlbHOro M .UJJSI nOJIHOfO ce'leHHD.) 
DpH paccMOTpemrn pHc. 2 6b!JJO OtMeqeHo, ttTo pacce11mi:e P-BOJ!Hht 
np11 pacceHHHH Me30HOB B ,11.0BOJlbHO lllHpOKOM HHTepBaJie 9Heprntt 
MrpaeT npeo6J1a.11a10UI.y10 poJI&.. :'.:ho Bonce He osHaIJaeT, IJTO .n.pyrne 
napU.H3JlbHble BOJJHbl Hecyw,ecTBeHHhl; K 9TO.MY 06CT0HTeJibCTBY Mbl em.I!. 
BepH!;MCH. 
3KcnepHMeHT3JlbHOMY HSytJeHHIO pacceHHHll MeSOHOB Ha npOTOHax 
IIOCBHUl,eHO MHoro pa60T. 11MeIOmJIJeCSI B H3CTOSII11,ee BpeMSI .ll3HHble no 
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·Pnc. 3. Ilo;rnoe ceIJeHHe pacceHHHH 1t+ n 1t- -MeaoHOB Ha rrporottax, s 3asucu-
·M:OCTH OT oHteprtta Me30HOB B Jla6oparOpHOH CHCTeMe KOOp)J.lrnar. B raOJIHU.e !II 
npwseneHbl CCblJIKH Ha paOOTbl, ,ll,aH:ible KOTOpblX anecb HCITOJib30BaHbl. TO'lKK 
JJ.JISI 'It+ -Me30HOB np11 saeprnsix 1,0 H 1,5 EaB noJiylJeHbl no qiopMyJie 
.c (1t-, d) ,_,er("-, p) CM. ~CCblJIKY (k) ra6mtU.hl III. CnJiournwe Kp!iBble coot-
sercTBy10r HaH.'IY'IUleH annpOKCHMaUHH SKcnepHMCl:lTaJlbHblX .n.a~HblX. 
noJJHhlM ce'leHJIJHM npirne.n.eHbI Ha pHc. 3. (B Ta6JJ1111,e III co6paHbI CCb!JIKH 
Ha pa60Tbl, H3 KOTOpb!X B3HTbl TO'IKH Ha pHC. 3.) 
Oco6b1tt HHTepec npe.n.cnBJISl!OT cellemrn npH sttepnn1 OKOJJO 200 Mas, 
He.n.aBHO uaMepeHHhie B TexHOJIOrtttJecKOM HHCTHryre KapttetuKH (Ta6-
Jmua III, CCbIJIKH (/) H (g)), Ii npl-l stteprnH 300 Mas, H3MepeHHb!e 
.B 5pyKxaBeHe (Ta6miu.a III, CCb!JIKH (h), (j) u (k)). Ha pttcyttKe H30-
6paj{(eHbl KpHBble crt M a}:-> == cri + cri;.. 
Cne.nyeT 3aMeTMT&, 'lTO ceqemrn, npuaenJ3HHhie Ha pHc. 3, BKJIIO-
tiaIOT Ii Heynpyroe pacceSIHHe (T. e. pacceSIHHe, npH KOTOpOM pO>K,ll,3CTCII 
O.UHH HJJH .n.Ba .D.ODOJIHHTeJJbHhlX Meaotta). 3ro craHOBHTCH stteprerutJe· 
<:KH B03MOmHblM nptt 9HeprnH Meaottoe ebime 200 MaB B .naooparopttott 
B3AHMO~EfiCTBHE ~-ME30HOB C HY~ROHAMH 409 
Ta6;rnua III 
Pa6oTbI, HJ KOTOpbIX B3llTbI 9KcrrepnMeHTaJJhHbie JlaHHble JlJJSI pnc. 3 
.3Heprnsi it-Me-
3oHa B na6opa-
,.0pttofi CHCTeMe 
1coop JlJiHaT 
B M.38 
40 
40 
34 
58, 65 
78, 110, 120 
OT J35 jl.O 250 
OT 135 )1.0 196 
28, 340, 450 
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Pa6oTbl (B CK06Kax OTMe'leHbI H3MepeHH1:>1e ce'leHHll 
J. P. Perry and C. E. Ange 11, Phys. Rev. 91, 
1289 (1953) [cr+; HJMepSIJJOCb Te.ileCKOIIOM C'leT'!HKOB, 
BKJJIO'leHHblX Ha COBIIa)lemi.e c TeJieCKOilOM, perH-
CTpHpyIOlll.HM rra]la!OIIJ;HH rry'l.OK] 
S. Barnes, C. Angell, J. Perry, D. Mil-
ter, J. R i_n g and 0. Nelson, Phys. Rev. 92, 
1327 (1953) [cr-; HJMepSIJIOCb TeJieCKOIIOM C'leT'l.HKOB] 
A. Rober ts and J. Tin Io t, Phys. Rev. 90, 
951 (1953) [ae; HJMepSIJIOCb CHaqaJia TOJibKO O]lHHM 
C'leTliHKOM j·KBaHTOB, a JaTeM Ila COBIIa]leHHll] 
0. 8 o d ans k y, A. Sachs and J. Stein-
b erg er, Phys. Rev. 93, 1367 (1954) [a+, a-, ae; 
CUHHTHJIJIS!U,HOHHble cqerqmm, MHUieHb!O CJJY)!(HJI 
>KHJlKHH Bo,nopo.n) 
E. Fer m i, R. M a r t i n and D. N a g 1 e, Phys. 
Rev. 91, 155 (1953) [<i+, a-, <ie; CU,HHWJIJISIUHO.H-
Hbie C'leT'lHKH; MHllleHblO CJIJ}l{HJJ }l{HJlKHH BO,ll.Opo.u.] 
J. Ash kin, J. BI as er, F. Feiner, J. Go r-
m an and M. Stern, Phys. Rev. 93, 1129 (1954) {a~-l ; 
MHUJeHblO CJIJ>KHJI )l(H)l.KHH BO,!lOpOJl] 
J. Ash kin, J. Blaser, F. Feiner, J. Go r-
m an and M. Stern, Phys. Rev. 93, 1129 (1954) 
[c:if ; TO }l{e, 'ITO Bblllie] 
S. J. L i n den b a u m and L. C. Y u an, Phys. 
Rev. (B ne'larn), ra101ce Proceedings of 1954 Roche-
ster Conference [af"; noJiy'leHo c noMOlll.bIO Bbl'lH-
TaTeJibHOH MeTOJlHKH C - CH2] 
S. J. Lindenbaum and L. C. Yuan, Phys. 
Rev. (B ne11arn) [a~-l; CM. Bblrne] 
R. Co o I, L. Mad a n s k y and o. P i cc ion i, 
Phys. Rev. (6y.u.eT ony6imKoBaHo). {c:it M <i~->;noJiy-
11eHbI c noMOllJ.bIO BbI'IHTaTeJibHofi iiieTOJlHKH 
C- CH2 H C-CD~] 
3ra ra6JIHu.a HM B KaKofi Mepe He npeTeHJJ.yeT Ha IlOJIHOTy, a co-
]iep)l{HT JIHlllh IIOCJie}iHHe pa60Tbl. ilo,np06Hb!H CIIHCOK JIMTepaTypbl 
MOlKHO Haiini B craTbe Py.u.epMaHa M. A., XeHJIH E. M. H Cteii:tt6ep-
repa ,lI.)I{., B Ann. Rev. Nuc}ear Sci, 3 (1953). 
4l0 M. rEJI.II-MAHH K K. M. BATCOH 
CHCTeMe Koop;urnaT. B o6JiaCTH 1 Eas ce'leHHe, eepos1THO, e attaq8• 
TeJibHOA CTenettH o6yCJIOBJieHo HeynpyrHM pacceSIHHeM 9. 
l1H'repectto pas6HTb cettemre, npHae.nemme Ha pHc. 3, Ha ce'lemu1 0,11 
H a., .. OTHOCSIUJ,HeCSI COOTBeTCTBeHHO K 1UICTblM 00.ll.COCTOSIHHSIM I= 1; 
H 3 / 2 H30TOOH'IecKoro cnaHa. 8To .1Ier1<0 c.neJiaTb, HCnOJib3YSI COOTHOWeHlrn~ 
at= a.1,, (4) 
l o~-l = -y[o•/, + 2c,1,] (5) 
HJIH 
1 
C•/ = - [3a<-> - c+J (6) 
' 2 T T ' 
0TMen1M, 'lTO 3'1'H COO'l'HOllleHHSI BblOOJIHSllO'l'CSI H .u.~SI tteynpyroro 
paccestHHSI. 
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Puc. 4. 3Kcnepu1.1eHranM1ble 3Ha'leHHst Ce'leHHii pacce1rnu.11 n-Me30HOB Ha HYKJIO-
Hax ,llll.11 'IHCTblX COCTOllHHii H30TOflH'leCKOro CflHHa: 1/2 H Z/a. IlyHKTHPHhle KpHBble 
npe.!l.CTaBJilllOT npe.n.eJibl ceqeHHii )I.Jill paccellHHll B 'IHCTblX COCTO!IHHllX (j, l), 
(Bhl'lHClleHHble no q>opMyne (7). 
I1cnOJib3YSI 9KcnepHMeHTaJibHble 3Ha'leHHSI ,D.JISI a:J: H c~> (pHC. 3), 
MO>KHO noJiy'IHTb a .• 1, H a,,., KOTOph1e npe.ncTaBJieHbl Ha pHc. 4. CnJioiIJ-
Hble KpHBble SIBJISllOTCSI Ha1rny'lweA anpoKCHMauHeR 9THX Ce'leHHR. TiyHK-
THpHble KpHBble H306pa>KalOT aepxHHR npeir.eJJ ce'leHHA pacceSIHHSI II 
'HICTblX COCTOSIHHSIX no j H /. Omr Bbipa>KalOTCSI CJJeJl.ylOUJ.HM o6paaoM: 
o(j, 1)=21t( ~ )2·f2j-+ IJ, (7) 
B3AHMO,ll,EACTBHE 'lt-ME30HOB C HYKJIOHAMH 411-
r.ne q - HMTIYJihC MeaoHa B cucreMe ueHTpa uttepuHH. HaJiul!ue pea-
Koro MaKrnMyMa ni: H 200 Mas y a.,. H orcyrcrBHe ero y · 0 11, nopaau-
1eJibHO "· IlOBHJI.HMOMy, npeKpaCHO fiOJI.'rBep>K,ll,aeT KaK rnnoTeay 
aapMOBOA HeaaBMCHMOCTH, TaK u rnnoreay BpIOKHepa 8 o peaottam:e 
8 cocro.SIHHH (/ = 3/ 2, j = 3/ 2, l = 1). B qacTHOCTH, Bb!COTa MaKrn-
MyMa cpaBHHMa c BeJIHqHHOA a (3/ 2, I), noJiylJeHHOA no cpopMyJie (7). 
Ec;rn 6bI MaKCHMYM y ai1, npu stteprnu OKOJIO I Sas OTHOCHJIC» K 
pacce!!HHIO TOJlbKO B OJI.HOM COCTO.SIHHH MOMeHTa HMTIYJibCa, TO 9TO 
oaHalJaJIO 6h1, lJTO j ,....._, 5 (CM. T3K>Ke puc. 1 ). 3TO npeJI.CTaBJI.SleTCSI 
M3JIO BepO.S!THbIM, oco6eHHO BBHJI.Y roro, lJTO cetJeHHe s.necb B OCHOB-
HOM o6ycJIOBJieHO HeynpyrnM p2ccesrnHeM. c .npyrott CTOpOHbl, 9TOT 
MaKCHMYM, 6h1Tb MO>KeT, yKaabrnzeT Ha npeo6Jia.D,aHHe npH sHeprnH 
1 588 tteynpyroro (T. e. c pO>K,ll,eHHeM Me30Ha) pacce.SIHH.SI B COCTO.SIHHK. 
J = l / 2. Ecnu sro BepHo, ro aaf.S1JJ.OBa.S1 HesaBHCHMOCTb JJ.a!5T JI.JI.SI JI.H<P· 
¢epeHUH3JlbHbIX cetJeHHA CJleJI.yIOmlle COOTHOllleHH.SI: 
o(p+'lt- -n+ 7t-+ 7t+) +a (P+ 'It- - n+'lt++1t-) = 
= 2a (p + 'It- __., n + 'Ito+ 7to) + a (p + 11:--: _, p + 11:- +'Ito) (8) 
JlJlf! IlOJ!HblX CelJeHllA HMeeM: 
2or (p + 'lt- - n +'It- +'It+)= 
=or (p + 'It- _, n + 'Ito+ 'Ito)+ ar (p + 'It-__., p +'It-+ 'Ito). (9) 
8TH COOTHOllleHHSI cnpaee.nJIHBbl TOJ!bKO B TOM cJiyqae, eCJIH ceqeHHSI 
pO)l(,ll.eHHSI 'lt+-Me30HOB npH CTOJIKHOBeHHH 'lt+-Me30HOB c npOTOHaMH 
M3Jlbl, KaK 9TO npHHHM3JIOCb Bblllle. 
CJia6oe pacce11Hue B cocro.SIHHH c I = 1/2 npu 9Heprn11x HH>Ke 
400 Mas orMeqaJIOCb AwKHHbIM 10• JJ,aHHble, noJiylJeHHhie B Kaptte.ll.>KH, 
IlOK33blB3IOT 9TO .UOBOJ!bHO 0Tl!i5TJIHBO, ecJIH uao6pa3HTb Ha 0.ll.HOM rpa-
¢HKe 3a~l u at, KaK 9TO c.11.e11aHo Ha puc. 5. 
EpIOKttep 8 npe.n.JIO)l{HJI ODHCblB3Tb COCTO.SIHHe (/ = 3/z, j = 3/z, 
J-= 1) <j:JOpMyJ!Ofi C O.ll.HHM pe30H3HCHblM ypoBtteM. Tipe.ll.IlOJIO>KHM1. 
'l'TO flOJIHOe CelJeHHe at= Os,,, T. e. lJTO OHO ueJIHKOM 06yc110BJieHO 
TOJibKO 9THM COCTOHHHeM. Tor,ll,a 
2rcf;? f 2 
0t= -,-2 . r~' 
• q (E - £ 0)2 + T 
(10) 
r.11.e 
(U) 
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3.n.ecb E0 - cpeaonancnasi 9neprnsi> a rncTeMe uenTpa Httepl.(Hll "(~ ecTb npHBe.11.~Hnasi urnpuna H a-pa.11.uyc Kanana pea1<UHH. E - &He~'. 
rHH Me30Ha H HYKJIOHa B CHCTeMe ueHTpa HHepuHH. .M.hl Bhl6paJIH 
~o = 159 Mae, I 
"(~ = 58 Mae, 
a=0,88( ! ) . (12) . 
Ha pHc. 5 cetJeHHe at, BhltJHCJiennoe no cjJopMyJie (10), cpa1rnueae1cs I 
c 91<cnepHMeHTaJibHblMH cetJeHHSJMH. Cornacue, KaK BH.llHO, npeKpacmie. • 
.. Pe30HOHCHOR 
2lKl yft~' ll'{MJB0/1 ~ 6ol/aHCtruiJ t AH(!epcot< 
!liO I \ f AWlrliH (6:.,J 
...... I /Jl/111:.!H [ J<S:-'J ~ 120 I t /OOH '-0 {jQ 40 ~ 
. 0 tJO /GO Z40 .JZO 400 
£11 H98 
PHc. 5. CpaeHeHHe pe3oHaHcHoif <t>opMyJJbl (10) c O.LIHHM ypoa-
HeM .LIJJll ~t c 3KcrrepHMeHT8JlbHblMH c'eqeHH!IMH. 11CIIOJJb3083HHble 
pa60Tbl JK333Hbl B T36JJHl..le IIT. 3H31JK3MH f 0603HaqeHO yrpoeHHOe 
ceqeHHe a~->, rroJJyqeHHoe AlllKHHblM H .Lip. 10. 
1+3 cos2 0, (13) 
r.n.e 6 - yroJI p~cceHHHSJ B cncTeMe u.enTpa 1rnepu.m1. HecKOJibKO 3Kcne· 
pHMeHT8JlbHhlX yr JIOBbIX pacnpe.11.eJieHHfl .11.JISI 7t+-Me30HOB npe.11.cTaBJJeHO 
Ha puc. 6. AcHMMeTpHSI pacnpeneJieHHSI OTHOCHTeJJbHO yrna 90°, O'le· 
BH.11.tto, necoeMeCTHMa c cjJopMyJiotl (13). O.u.naKo K 9TOl1 acHMMeTpllll 
MOiKeT npHBeCTH OTHOCHTeJihHO MaJiaH np1rnecb S-pacceHHHH. 06mee 
B3ARMO.ll.EitCTBHE 'lt-ME30HOB C HYKJIOHAMH 413 
BbipameuHe .D.JISI ceqeuHsi paccesimrn TOJlhKO S- H P-BOJIH HMeeT BHJJ. 
a= a+ bcos0 + c-cos2 0, (14) 
KOT0phll1, IlOBH.UHMOMY' cor JJacyeTCSI c ua6mo.naeMhlMH yr JIOBhlMH pacnpe-
.l!eJieHHSIMH pacceSIHHhIX Me30HOB. lle1'1CTBHTeJlhHO, OK33hIBaeTCSI B03MO>K-
Hb!M OilHC8Tb H3BeCTHOe yr JIOBOe pacnpe.neJ1eHHe c IlOMOl.JJ.blO paccesiHHSI 
P-BOJIH TOJlbKO B COCTOSIHHH (/ = 3/z. j = 3/2) H npHMeCJf paccesium1 
S-BOJIH 11• . 
~ 
Cl) 
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Puc. 6. Ynrosoe pacnpen.eJieHMe s CHCTeMe ueHtpa HttepuHH JI.Jill 
npouecca 'lt+ p - 'lt+ + p. 3Hepl'HH Me30HOB B Jia6opaTOpHOH CH-
CTeMe Koop.nHHat npHBe.neHhl B MaB. 3KcnepMMeHtaJibHble .ourn61rn 
Ha pMCJHKe He yKa3aHhl. KpHBasi .nJISI 45 MaB noJiy'IeHa Ha ocHoae 
.naHttbIX OpRpa .ll»<., Jlop.na .U»<. H YHsepa A. [Phys. Rev. 93, 575. 
(1954), .nJisi 65 MaB - Ha octtOBe .naHttblX pa6om (d) Ta!5JIHUhl III, 
.D:Jifl 120 H 135 MaB- Ha OCHOBe paGOThl (e) ra5JIHUbl lll; .n.aHHb!e 
.D:JIH 260 MaB noJiy1JeHbl <t>ayJiepoM B. B., JlH P., lliennap.n.oM B. Jl,., 
WaTTOM P. n., TopH,naiiKOM A. M. H YHTTeMOpoM B. A. [Phys. Rev. 
92, 832 (1953).] 
BoJJbWasi pat5oTa 6h1J1a nr:o.neJ1atta JJ.JISI onpe.neJ1emrn ¢aaoablx C.D.BH-
roe paccesimrn MeaoHOB ua uyKJIOHax . .UJ1si aueprn«, nptt f{OTO(:bIX uymuo 
npHHHMaTb a pac'leT TOJJbKO S- H P-BOJJHbI, cor J1acuo rnnoTeae aapsi.noaoit 
1rnaap11auTHOCTH, HMeeTcSI meCTb paaJ1HlJHh1x ¢aaoBbIX c.nattroa. CJ1e.n.ysi o6o-
3Ha'lettHSIM Au.n.epcoua *), c6oaua'lHM C.D.EHIH ¢as S- BCJIHbI cooTBeTcT-
BeHHo .ll,JJSI ccc1osiu11fi c I = 3 / 2 H 1/ 2 lie pea a 3 H a 1• 4eTb1pe c.rumra ¢aa 
*) CM. ta6JIHUY lll, CCblJIKa (e). 
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P-BOJJHbl o6oaHa'lHM a33, a13, a 31 H a11 , r.lle nepahiA HH.lleKc paeea 
y.nnoettHOMY /, a BTopoA - y.n.noeHHOMy j. Onpe.11.eneHHe 9THX IUecTH 
C.llBHrOB <f>aa H3 9KCnepHMeHTaJJbHblX .llaHHblX BeCbMa HeO.llH03Ha'IHO 12 
H Mbl He B.ll3CMCSI B Il0.llp06HOCTH. ' 
DpocTeAurnR Bhr6op C.llBHrOB <f>aa (H c TO'lKH. apeHHSI coapeMem109 ' 
. TeopHH, 6b!Th MO)l{eT, HaH6onee paayMHbIA) npHHa.n.JJe)l{HT BeTe 11, Kor . 
.11.a a13, o:31 H a11 MaJJbl, a a33 npoxo.llln 'lepea 90° npH :rnepnrn Me· 
aoHa E" = 195 Mao (a na6opaTopttoA CHCTeMe Koop.11.HHaT). 
T a 6 n tt u a IV 
C;r.ettr cpa3 rrptt paccesrntttt MC30HOB Ha HYKJIOHax 
ETC MaB I Gt33 r Gt3 I Gt1 
120 30° -12° go 
217 107° -20° _40 
D.Jill Eft < 120 M&B Gt33"' J60 ( :c ) 3 
3;r.ec& npnee;r.eHbl C.ll.Bttrtt cpaa pacce!IHHll it-Me30HOB Ha HYKJIOHax, 
nony'leHHhle Sere 11; a33 H a3 Moryr 6hlr& JIHHeltHo 9KcrpanonttpoeaHhl 
B 9HeprerHqecKOM nHrepeaJie or 120 AO 217 M1B. a1 HYlKHO_ anpoKCHMHpo-
aar& B 9TOM aHeprern'leCKOM HHTepaaJie napa6onolt c npoHJBO.llHOli, 
paaHolt Hyn10 nptt 120 MaB. 
BeJIH'IHHbl 9THX <f>aa npHBe.11.eHhl B Ta6;rnue IV. B nOJJh3Y TaKoro 
Bb16opa HMeIOTCSI CJle.llyIOll.lHe apryMeHTbl: 
a) O'!etti. xopornee cornaCHe a.,. c peaoHaHCHOA <f>opMynoA (IO) (cM. 
pHc. 5). EcJJH 6bl a33 He npoxo.nnno qepza 90°, BepOSITHO, 6blJJO 61i1 
He06XO.llHMO, lJT06bl no KpaA"HeA Mep.! .II.Be <f>aabl HMeJJH MaKCHMYM npH 
E""" 200 Mao. .UnSI aToro apryMeHTa cymecTB'eHHa He TOJJbKO aaBHCH· 
MOCTb CelJeHHSI OT 9HeprnH H yrna, HO TaK)l{e H ero aeJJH'IHHa (cM. pHC; 4). 
6) Kos<f><f>HU.HeHT b a <f>opMyne (14) MeHsieT attaK B o6naCTH 
E,, "'-' 180 Mao (cM. pHc. 6). 3To anoJIHe COBMeCTHMO c TeM <f>aKTOM, 
'!TO Gt33 npH 9TOA 9Heprnn npOXO.llHT ttepea 90°. 
o) TaKoe noBe.lleHHe aeCbMa onpe.lleJJ~HHO cne.ayeT H3 MeaottnoA 
reopirn H yKa3h!BaeT npH'lHHbl OTCYTCTBHSI MaKCHMyMa y 011, npH 9Hep-
rHH 200 Mao (cM. pHc. 4). 
z) 3ttepreTH'leCKaSI aaBHCHMOCTb H H3Mettem1e 3HaKa HHTepcf>ep~H­
U.HOHHOro qnetta npu <f>oTopom.n.emrn rl-Me30HOB (cM. paa.zteJI «<l>OTO· 
po>1<.lleHHe 1t+-Me30HOB Ha HYKJJOHax>) c 6oJJblllOA onpe.lleJI~HHOCTbrO 
· yKa3b1BaeT Ha cymecTaonaHHe peaottaHca. 
naJJbHCAlllee o6cy)l{.llem1e <f>a30BOrO aHaJJH3a pacceSIHHSI H ero HHTCp-
nperauml co.llep>KaTc!I B paa.nene < MeaOHHaSI reopmi>. 
B3AHM0.1lEt!CTBHE 'lt•ME30HOB C HYKJIOHAMH jl5 
<t>OTOPO)I{.U.EHV!E 1t-ME30HOB HA HYKJIOHAX 
BoaMO>KHbl <JeTb!pe npou.ecca cpoTopom.11.eHHH (a TaK)f{e o6paTHble 
JJM npoueccbl): 
1+r-'lt++n 
1+n-7t-+P 
Y+P-'lt0 +P 
1+n-'lto+n 
(P,+) 
(Pr) 
(P1o) (P1no) 
PeaKUHH Pc H PTno np11xo.11.11rcH 113yqaTb Ha CBH33HH{>IX tteMTpo-
HaX (e OCHOBHOM Ha .11.ettTepHH), TaK lJTO H3Mepem1e HX ceqemdl aa-
rpy.nHeHO H CO,Uep>KHT Heonpe.n.eJieHHOCTH. 
CTpennoJIOmHM, lfTO .11.JIH £ 1 < 300 ...;- 400 Mss (sHeprm1 'f·KBaHTOB 
JI na6opaTOpHOI% CHCTeMe KOop.znrnaT) M€30Hbl HcnycKa!OTCSI c 3aMeTHOM 
nepOHTHOCTblO TOJibKQ B COCTOHHJISIX s ~ p JIO OTHOlllettHIO. K HYKJIOHY. 
ApryMeHTbl B noJibay TaKotl TO'IKH apeHHH np1rne.n.eHbI Bblllle B paa,llene 
«He1<0TOpble ¢H3Hlf€CKlle coc6pa)f{€HHH, OTHOCHlUH€CH K 'lt-Me3oHaM>. 
Ha pllC. 2 Mb! c.11.eJiaJIH BblB0.11., lfTO npouecc pl" Jl.llt;T B OCHOBHOM 11epea 
J1cnycKaH11e e P-cocrOSIHHe, B TO epeMSI KaK npouecc P
1
+ H.n.t;T npH 
«MaJihIX stteprnHX> 11epea HcnycKaHHe B S-. H P-cocTOHHHH. Torna o6mee 
Bb!pamem1e .llJISI .llH$1J>epeHU.H8JibHblX ce11eHHA (B CHCTeMe u.eHrpa HHep-
UHH) aanwmeTCH B BH,lle 
a= A0 + A1 ·cos B--P A2 ·cos2 B. · (15) 
0603H84HM .lll!IJ>IJ>epeHU.HaJibHble ce<JeHHSI ll:€Tblp~x ynoMHHYTb!X peaKQllll 
<:OOTB€TCTB€HHO qepea 
a (y+), a (y-), a (1°) 11 a (r0). · 
DoJIHble ceqefiHH • 6y.n.eM aanHcbleaTb KaK ar (y+) H T • .11.. Ko9cpqmu,HeHT 
A0 B o6meM CJiyqae co.nep)f{I1T S- H P-BOJIHbl H MO.>KeT 6blTL aanHcaH 
B BJl.ll€ 
A0 = A0 (S) + A0 (P), (16) 
r.n.e A0 (S) H A0 (P) OTHOCSITCSI cooTBeTCTBeHHO K S- H P-cocTOHHH!!M • 
. 3aBHCHMOCTb A OT 9HeprnH npH «MaJihIX 9ttepnrnx» (ornTaeM, qro 9TO 
oattaqaer: E1 <250 Mas; eepXHHA npe.ueJI .11.m1 <MaJJhlX sHeprnf;t,, 
a priori, l<OHflJHO, HfH3BeCTeH) MOiK€T 6b1Tb nony'letta H3 Ta6JIHUbl [. 
.IlJJSI TaKHX 9Heprntt HMeeM: 
\ 
A0 (S) =-¢-Kos• 
Ao (P) = 7l3vgop, 
A1 = - "'l2K1, 
A2 = - "'l3vg2, 
(17) 
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r.n.e 'rj - HMilYJibC Me30Ha H v - HMilYJibC cj>OTOHa B e.n.HHHUax p.c B CH· 
CTeMe ueHTpa :irnepUHlf. 3aBHCHMOCTb OT v npHHSITa Ha OCHOBe Meaon. 
Hott Teopmt. OpH ~meprnsix, JJ.OCT.aTOllHO 6JIH3KHX K noporoBhlM, aaBH· 
CHMOCTb OT v HecymecTBeHHa. 
CetJeHMe npouecca P ,. Jl.JJSI yr Jia 90° B JJa6opaTOpttott cHcreMe I<oop • 
.znmaT 6hlJJO H3MepeHo C11.1JBepMaHOM H CrepHCOM 13 a KopHeJIJre. 
(HaMepSIJIHCb 3Heprnsi H yroJJ BblJleTa npOTOHOB OT .n.a'IH npH £1 B 
HttrepsaJie OT 200 Mao 11.0 300 Mao.) AttaJIOfH'lHoe HCCJie11.oaaHHe 6b!J1o 
npo.n.eJiatto B Macca1JyaercKoM rexHOJIOfH'feCKOM HHCTHryre Oc6opHOM 14. 
Bro 11ccneJ1.0BaHHe BKJllO'faJio attaJIH3 yr noaoro pacnpe.!1.eJ1ettm1; tteKoTo· 
pb!e H3 9THX 11.aHHhlX npHae11.eHhl Ha p11c. 2. B KaJ1mjloptt11ltcKOM rexno-
norntJeCKOM HHCTHTyTe *) cetieHHe peaKUHH p ,o 6bJJIO H3MepeHO .llJJH 
tteCKOJibKHX yrnoa np11 9Hepnu1'x E1 OT 270 .11.0 450 MaB. 3Ta pa601a 
6blna npo.neJiatta YoKepoM, 0KJIH H TonnecTpynoM 15; coeceM HeAam1o 
3TH )Ke aBTOpbl IlOJIY'IHJIH .n.aJlbHeAnrne peayJibTaTbl. ~.:norpe6JISIB· 
nrnttcsi MeTo.11. 6b!Jt no11.06eH Mero.n.y KopHeJIJibCKott rpynnbl (o.11HH Ha 
"f ·KBaHTOB pacna.11.a 'lt-MeaoHa perncrpHposancsi B cosna.11ettHH c nporo-
HOM OTJl.a'IH) • 
.U»!JxPepeHUH3JibHOe ce1Jett»e Jl.JISI npou.ecca P
1
+ 6blJIO Hay'!etto 
5epttapJVIHH H ronJ1.yaccepoM 16 JJ.JISI £ 1 <200 Mao. CetJeHHSI npn 
Ma.TlblX 3HeprHSIX, O'leBH.LI.HO, oco6eHHO Ba)l{Hbl .11.JISI onpe.11.eneHHS! Be.rm-
'IHff g e <jlopMynax (17) H .11.JISI onpe.n.eneHHS! MYJJbTHnOJibHbIX MOMeHTOB, 
o ll~M 6y.n.eT HTrH pe'lb HH)Ke (e qacTH noro paa.11.ena «Yrnoeb1e pac-
npe.n.enemu1> ). 
B KTI1 peaKUHS! P1+ 11ayqanacb .n.nsi E1 OT 200 .llO 400 Mas. 
ToJinecTpyn, Ke1< H Y9pno1< 17 HCTIOJib30B3JIH renecKon CUHH.THJIJISIUHOH· 
HblX C'l~T'IHKOB .llJUI H3MepeHH!I HOHH33UHH B 33BHCHMOCTH OT OCTaTO'I· 
uoro npo6era 'lt+-Me30HOB. YoKep 18 H3Mep1rn re )l(e caMhle ceqemrn, 
onpeJ1.eJIS1S1 stteprmo H yroJI BblJlera Meaoua c nOMOlllblO MarnMTHoro 
cneKTpoMerpa. lla1mble KTH 19 no peaKUHH P
1
+ 6bIJIH npoaHaJIHaapo· 
aattbl no <PopMyJie (15) na'lepoM *). 
n 0 JI H bl e c e q e H H ~- CttalJ:aJia Mbl paccMOTpHM TIOJIHbie cetJe-
HHSI JI.JIB <PoropO)l(.lJ.eHH!I MeaOHOB. OpH .11.ocTaTOl!HO MaJtbIX 9Hep· 
rnsix MeaOHbI .llOJl)KHbt HcnycKaTbC!I B S-cocTO!IHH11; OJ1.Ha1<0, KaK 
y)l(e 6bIJIO oTMetietto, aMnJIHTY JI.a S-BOJIHbl npH pO)l(Jl.eHHH 1t0-MeaoHa 
OlleHb Mana. 3ro MO)l(HO K3'1eCTBeHHO TIOH~Tb Ha OCHOBe npocrott MO-
neJIH. l1cnycKaHHe nceB.llOCKansipHblX 'lt·Me30HOB B S-cocTOSJHHe .noJimHo 
npoHCXO.llHTb l!epea 9JieKrpHl!eCKOe .llHilOJlbHOe nornomeHHe cporoHa 20• 21• 
EcJJH npe.llnOJiomHTb, 'ITO aMnJIHTy.na sroro npouecca nponopu110-
HaJJbHa CTaTHl!eCKOMy Jl.HilOJibHOMY MOMeHTY (a CHCTeMe uettrpa HHepumt) 
"'') BMecTo noJIHhlX Ha3Bamdi Maccaqy3e1cKoro 1exHOJ1oniqecKoro HHCTH-
1y1a H KaJUupopHHHCKoro 1exHoJ1orHtJeCKoro HHcnnyta .11.aJiee nm11e1cS1 MT!i! 
H KTJ.1. (Ilpu.M. nepeB.) 
**) Mb! no)lqepKHaaeM, q10· .11.aHHble no 'lt·Me3oHaM H Hx aHaJIH3 Hoc11r 
npe)lBapHTeJibHblH xapaK1ep. 
B3AHMO.D.EttCTBHE 1t·ME30HOB C HYKJIOHAMH 417 
cooTBeTCTBYIOIUett CHCTeMbl Me30H - HYKJIOH B I<OHel{HOM COCTOSI·· 
HHH, TO 
13 TOM cJiyqae, KOr.lla HY)f(HO y'IHThIBaTb TOJibKO S-BOJIHbl; 3.D.ecb 
M - Macca HYKJIOHa. 
9Ta cpopMy Jia cor JiacyeTCSI c 9KCnepHMeHTaJihHblM cpaKTOM M3JIOrO 
RKJia.lla S-BOJIHbl B pom.neHHe 7t0-MeaoHa. J13 q>opMyJibl (18) HMeeM: 
a {-r-) [ µ ]2 
0 (T+) = 1 + M = 1,32. (19) 
.3To Tome HaXO.ll.HTCH s cor JiaCHH c H3MepettHHMH CaH)l.Ca 22, r )l.e 
(20} 
)J)ISI O'leHb M3Jlb!X 9Heprnl-\ '11:-Me30HOB. 
Bs11a.y ycnewttoro npHMeHeHHH K npou.eccaM pacceimHll cf>oPMYJibI (10) 
c 0.QHHM pe30H8HCHbIM ypostteM (pHC. 5) ecTeCTBeHHO norrpo6oaaTb 3TO· 
rrpH6JIH}f(eHHe H 3.lleCb, Cl!HTajl cfloTOpo)f{)l.ettHe I<aHaJIOM peaKUHH paccell-
HHSI. Ecm-1 npe.o6Jia.uaeT HcnycKaHHe 1t·Me30HOB B COCTOSIHHH (/ = 3/2. 
j = 3/ 2), TO 9TO npn6JIH>KeHHe )l.OJI)l{HO 6oITh y.uosJieTBOpHTeJihHbIM .ll.JISI 
3Heprntt s6mtaH peaoHaHca, I<OTOpbltt Ha6JI10)l.aeTc11 npH E 1 ,....., 340 Mao. 
Tor.na 13, 23 
( -/;, )2 fl "r ('(o) = 21t T r2' 
(E-E0)2+T 
(21) 
r.ne k - HMilJ.llbC cpOTOHa B CHCTeMe u.ettTpa HttepQHH, a r, E H Eo o6o-
3H3'13IOT TO me caMoe, 'ITO B cpopMyJie (10) . .UJISI urnpHHbl r, HMeeM 
(~= :c): 
(22) 
r.ne pa)l.HJC KattaJia a .ll.3~TCSI COOTHOWeHHeM (12). 3.n.ecb K09cpcpHUHeHT fr 
HrpaeT pOJib npHBe.ue1rnot\ llUipHHbl H SIBJISleTCSI e.uHHCTseHHhlM npOH3-
BOJlbHbIM napaMeTpoM s <jiopMyJie (21). By.ueM C'mTaTb fr nocTOHHHOfi 
BeJIH'lHHOtt 
f =0,10 Mao. (23) 
418 M. rEJIJl-MAHH H K. M. BATCOH 
Ha pHc. 7 ar (yo), ·abl'lHCJJeHHOe no ¢opMyJJe (21), conocTasnsieTCl! c 
9KCRepHMeHT3JlbHblMH ,ll3HHblMH. ( «3KcnepHMeHTaJlbHble) 3Ha'leHHSI Or TIO· 
.JJy'leHbl H3 Ha6JJJO,ll3€Mb1X .nncjJ<f>epeHUH3JlbHblX Ct-l!eHHR B npe.nnoJIO)l(e. 
HHH, lJTO yr JIOBOe pacnpe,lleJJeHHe HMeeT BM.ll, np1rne.lleHHbitt B '18CTI! 
<YrJJOBhle pacnpe.n.enem1s1>.) OnpeAeJieHttble TaKHM o6paaoM Ha 9KCnep11• 
'MeHT3J:bHblX .ll.3HHbIX ar (y0) xopoiilo cornacyJOTCSI c <f>opMynott (21) np11 
O<E7 < 450 Maa. BosMO.>KHasi cnpaBe.ll.JIHBOCTb cpopMyJihI (21) oco6e8• 
HO HHTepecHa, T3K KaK J., SIBJISleTCSI eAHHCTBeHHblM CB060.ll.Hb1M napa. 
MeTpOM. 
Tenepb paccMOTpHM nonHoe ceqeHHe AJJ!I npouecca P
1
+, T. e. 
-or (y+). 3.lleCb noae,Qemw ce'leHHSI np11 HH3KHX 9Heprnsix yKaablaaer ua 
1.5 
45 
tS,-rr+p-..rr"+p) 
- /f/JU80/I, llbll/UC/feHIHIR 
fKl pesoHllHtJHal 
. f/JOfJM)'lfC C oiJHllM 
ypoBlleM 
~80 ......... WJ ............ 2GO .............. JIJO ............ ~340 ............ 38. . ... '0..... 4. .... 20 ......... 480~~5()()~­
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PHc. 7. CpasHeHHe ce11eHHH ar ("r + p-7to + p), 
Bbl'IHCJieHHOro no l}>OpMyJie (21), c 9KcrrepHMeH-
TOM. Ilepsble .ZJ.Be TO'IKH Bbl'IHCJieHbl no ipopMy-
JiaM (17), a OCT3JlbHble-rro q,opMy JiaM (19) H (20). 
"TO, '!TO npeo6na,QaeT S-BOJJHa (cM. pnc. 2 H pa6oTy 16). OpeAIIOJIO)l{HM, 'lTO 
eAHHCTBeHHOe *) H3MeHem1e <f>opMyJJhI (21) aaKJJIQ'laeTCSI B yqt;Te S-BOJIHbl, 
.KaK 9TO npe.ncKaablaaeT ncea.nocKansipHaSI MeaoHHaSI Teopn11. Tor.Ila 
( q) [ 1--xfc- ] l ar (y+) = cro T . ( l + M~c y + 2 crr(yo). (24) 
KaK y)l{e OTMel!aJIOCb, nepBLIR qJJeH HMeeT 9HepreTH'leCKYJO aaBHCHMOCTb, 
npe.ncKaabrnaeMyJO Me30HHOtt TeopHett. BbI6HpaeM o0 nOCTOSIHHhlM, paBHblM 
a0 = 2,5 · 10-28 c...u2• (25) 
'}!\ 
*) 3a HCKJIIO'leHHeM Toro, 'ITO BKJiaJJ. P-BOJ!Hbl B aT ( 7+) paaeH IIOJIJBHHe 
.BKJia.!13 B t:ST (jO). CTocJie.!lHee HBJIHeTCH CJie.ZJ.CTBHeM 33pH.ll.OBOli He3aBHCHMOCTH 'O. 
83AHMO)lEtlCTBHE ;t-Mf.30HOR C HY KJIOHAMH 419 
Ha pHC. 8 cpopMyJia (24) cpaeHHBaeTCSI c 91<cnep11MeHTaJJhHhIMH 3Ha'le-
1nrnMH ar (1+). Cornarne He Ta1<oe xoporuee, 1<aKo~ 6b!JIO .Il.JISI ar (1o). 
BhI'IHCJiettHaSI r<p1rnasi rran.aeT Hen.oCTaTO'IHO 6hrcTpo rrpH 6oJibWHX 
-gnepnmx, O,nHaKO 9TO CKOpee Bcero o6yCJIOBJieHO Hey)la'IHh!M BhI6opoM 
6 ¢opMyne (24) •rneHa, Y'IHTh1Ba10mero S-eontty. 0.nHH 9TOT 'lJieH npe-
eh!IIIaeT 9KcnepHMeHTaJihHOe Ce'!eHHe np11 9HeprnSix BbIWe 400 Mas. 
KpoMe TOTO, MBKCHMJM BhJqHCJJeHHOfi KpHBOfi, DOBH,ll,HMOMJ, HeCKOJ!bKO 
.cMemeH n cTopotty 6oJiblllHX 9Heprnlt <l>opMyJihI (21) H (24) yrrpoma10T 
KapTHHY, 'ITO BhlSICHHTCSI npH o6cy)f{.lJ.eHHH yr JIOBOfO pacnpe.ZI.eJiemrn. 
c .ZI.pyrott CTOpOHbf, cornacHe 9THX ¢opMyJI c 9KcnepHMeHTOM, KaK 
~5r--~~~~~~~~~~~~ 
%0 2DO 250 300 .JSO 400 450 500 
EyN.!t1 
Pttc. 8. CpaeHeHHe ce-.;ea11si 1Jr (1 + p - 'It+ + n),. awmcJreHHoro no 4Jopaty-
Jie (24), C !lKCnepliMeHTOM. nepBble TpH TO'IKH B3SITbl 113 pa60Tb1 16; OCTaJlb-
Hble - H3 pa60T l?, lS H 19. nyHKTHpHa!I KpHBall npeJI.CTaBJilleT C060H 
1 
0 T ( 7+) -,--2 °T (7°). 
JJH.UHO 11a pHc. 7 H 8, He TaKoe y)J{ nnoxoe. C11e.nonaTeJ1bHO, o'iene-
_KaHcb OT 6011ee TOHKHX .n.eTanetl, MO)f{HO C'IHT3Tb, '!TO COCTOSJHHe (1 = +. j = ~ ) H_rpaeT cymeCTBeHHYIO poJih B cflOTOpoJK.ll.eHHH, 
.a cpopMy Jlhl (21) H (24) MOfYT CJIY>KHTb paayMHb!M rrp116JIHJKem1eM 
K flCTHHHhlM ce'leHnHM. 
0'1eBH.!I.HO, '!TO a priori HeT OCHOBaHHtl .ll.JISI Bb!OOpa pan.11yca Kattana 
¢otopO>K.!I.eHHSI (22) TaKHM >Ke, KaK H .ll.JISI KaHaJia pacceSIHHSI (II). 
,llettcTBHTeJibHO, e (I 7) Mhr rror.oJKHJiff 9TOT pa,ZI,nyc JlJIH "(-KBBHTOB paBHhJM 
-Hymo. }{oHe'!HaSI >Ke ero BeJIH'llrna, HCTIOJ!b30BaHHaSI B (22), 6b1Jla HaMH 
B3SITa .ZI.JIH Toro, 'IT06hI nony'lMTb 6hlcTpoe yMeHhrnem1e ceqeHHSI nocne 
-pesottaHcttoro nHKa. HHOTI<y.n.a, 1<0He'IHO, He cne.llyeT, '!TO f 1 .ll.OJIJKHO 
'()CTaBaTbCH ITOCTOSIHHblM Ha 3HaqMTeJlbHOM HHTepeane 9HeprHtl, Tai< qTo cett-
-<iac Tpyn.tto cKaaaTb 'ITO-HH6y.n.h onpe.n.enettttoe o saeHCMMOCTH ce'!eHHSI OT k 
{KpOMe Toro, '-i'ro otta He .llOJI>KHa OhlTh CliJihHOtt npH «MaJiblX 9Heprnsix11 ). 
~: Cne.n.yeT TaK>Ke OTMeTHTh, 'ITO TepMMH <peaoHatto B npmteneHHH 
J{ pacce.SJHMIO H cjJOTOpO)J{.neHMIO He 6hlJI HaMM TO'IHO orrpe.neneH. }Kena-
42.0 M. fEJIJI-MAHH H K. M. BATCOH 
TeJlbHO 6blJ10 6bl 3HaTb He TOJlbKO TO, 'ITO ¢>aaa a33 npOXO.lUiT 'lepe3 
90° npH E'lf. '.::':'. 195 Mao, no H ell 9HepreTH'leCKyIO aaDRCHMOCTb 8 
o6nacrn T8KHX 9HeprnA. <PopMy.llbl (IO) " (21) OCHOBaHbl Ha aHaJIOrJU! c 
peaonaHCHblMH sr.u.epHbIMR peaKU.RSIMH, HO BpS!.D. Jiff HX MO)f{HO 060CHOBa1'1> 
.D.JIH pe.nHTHBHCTCKHX stteprnA 24• Han6oJiee y .u.oeneTBOPRTeJibHOe pac-
CMOTpeHRe npouecCOB c pemITHBHCTCKHMH Me30HaMH 6bIJIO npoee,ll,eE!(). 
CaHCOM 24• nony'leHHOe HM Bblpa)f{eHHe .D.JISI «peaoHaHCHOfO> Ce'!eHim 
noxome Ha ¢>opMyJiy ( 10). 
Yr no Bbl e pa c n p e JI.. e JI e H Hsi. Yr nosoe pacnpe.n.eJieHtte .D.JIH npo-
uecca P1+ 6b1JIO npoattan»anposatto B <f>opMe (15) 5a'lepoM19 11.n11 9Hep-
rHH ET OT 250 .u.o 450 Mao. no.1106HblA >Ke aHaJIH3 6h!Jl npo.11enaH 
BepHapAHHH H ron.u.yaccepoM 25 AJISI ET < 250 Mao. Ha pHC. 9 npe.11,-
42,.--~~~~~~~~--. 
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Puc. 9. Ko9cpcpuuueHTbI A0, A1 H A2 ){JI.ff yrnosoro 
pacnpe,neJICHHS'I B peaKUHH l + p _ 1t+ + n (CM. 
cpopMy JIY (21 )), Bhl'IHCJieHHble no 9KCnepHMCHTaJlb-
HblM ,naRHblM. Tpu OTMC'leHHble TO'IKH 83.ffTbl H3 pa-
60Tbl 16; ro'IKH ,nn11 9Heprnu BblUie 250 MaB B3!1Tbl 
H3 pa60Tbl 19_ 
CT8BJieHa aaBHCHMOCTb K09¢cf.i»U.HeHTOB ¢opMyJJbl (15) OT 9Hepnrn. 
Kos¢¢Jilu.m:HTbr, nprne.neHHb1e Ha pnc. 9, a .n.eAcrBJiTeJJbHOCTH HeCKOJ1h-
1w OT JIH'la!OTCR OT rex, KOTOpbre 6h1JIH noJiy'leHhl yKa3aHHblMH 8BTO-
paMH TeM, 'ITO B o6Jiacrn stteprnA E1 < 250 Mao Mhr eocnoJib30BaJIHCh 
ct>opMy JiaMH ( 17) .UJISI aa~HCHMOCTH 9THX K09¢cjrnu.HeHTOB OT 9Heprm1. 
TaKoe H3MeHeHHe COBMeCTl1MO c SKCnep11MeHTaJibHhlMH A8HHblMH H3-3a 
HX HeTO'IHOCTl1, Bb16patttthle HaMH eeJIH'IHHhI K09¢cjmu.tteHTOB g e ¢0P-
MY Jiax (17) np1me.11eHhI B Ta6JJnu.e V. 
B3AHMO,!l.EttCTBHE ~-ME30HOB C HYKJ!OHAMH 421 
UaHHbie TIO yrnosoMy pacnpe.n.eJieirnlO npouecca p ('(O) em~ 6onee 
<>rpattHqeHhI. B Ta6nnue VI npHBO.LlHTCSI seJmq1rnh1 I<09cpcpmuteHTOB cpop-
Ta 6JI11 u a V 
Koaq,qmu11eHrbl g q,opMy JI (17) .IlJIH yrJioBoro 
pacnpe.neJieHMSI q,oroMe30HOB 
npou.ecc I 1+p-7t++n I j + p -HO + p 
gos 10,5 -
gOP 4,0 8,5 
U1 3,0 -
g2 3,5 7,3 
g np1me.Ilettbl B e.D,1rn11u.ax 10-30 c.M2. g0s .Ila-
HO, sepo11THO, c roqHOCTbJO B npe.D,e11ax IOo/o. 
OcraJibHble seJI11qMHbI g Moryr 11Merh onm6Ky 
.IlO 250/o, XOT!I MX OTHOCHTeJihHble BeJIHqHHbl 
MHoro roqaee. 
11,aHHbie no 7t0 -Me30HaM B3!1Tbl y OKJIH H 
YoKepa 248 11 y Oc6optta 2s. 
MYJ1h1-(15), nonyqeHHb1e Oc6opttoM 26• BenwrnHhI gop H g 2, noJiyqa10-
111.1-1ecs1 HS cpopMy JI ( 17) H .n.attHbIX pa60Tb1, BblTIOJIHeHHOtt s KTI1, 
np1rne.n.eHbl s Ta6JIHUe V. 
Ta 6 JlH u. a VI 
Yrnosoe pacnpe.D,eJiett11e )lJIH peaKU.HH 1 + p - 7to + p *) 
3HeprnH 1-KBaHTOB I or 220 .IlO 280 MaB I or 280 .llO 330 MaB 
9±1 
-2,.5±1 
-7,5±2 
18±1 
2,3±1 
-15±3 
*) Koa<1J<P11u.11eHTbI A0, A1 11 A2 re 1Ke caMbie, qro 11 B 
qiopMyJie (31). OHM noJiyqeHbI 113 npe.!1,sap11re:i:bHhIX .IlaH-
Hhlx MTV!. 
-30 c.M2 
E.llMHMU.bl - 10 cmepaiJuaH • 
·no)KaJiytt' caMblM B3)1{HhlM CJieJJ.CTBHeM Ta6JIHI..(bl v ~rnm1eTrn TO, 
•!JTO BKJiaJJ.bl P-BOJIHhl. B a (y0) H a (y+) HMelOT O.!l.HHaKoay10 yrnosy10 
.38BHCHMOCTb, a no seJIH"l:/HHe OTHOCSITCSI npn6JIH3HTeJibHO KaK 2; I. 
422. M. rE.mI-MAHH H K. M. BATCOH 
3To cornacyeTCSI c npoCTOA <pe30HaHCHOA> TeOpHel;\, H3JIO>Keuuott w 
nepson qacTH naparpacpa cCTOJIHble ce1JeHHS1>. Mbl yTO'IHHM 9TY Teopmo •. 
J{oJIH1JecTBeHuoe o6cy>K.n.euHe yrnosoro pacnpe.n.eneHHSI ¢oTOMeaouo~ 
y.n.o6uo npoH3BO.llHTb, BOCnOJib30BaBlllHCb paaJIO>KeuHeM aMIIJIHTYA no-
r JIOW.eHHH "f·KBaHTOB no MYJibTHIIOJil!M 2s, 26. 
TaK KaK 7r-Meaou s1BJIS1eTCH nces.n.ocKaJisipuott qacTHU.efi, TO npl!! 
HcnycKaHHH ero B S-cocTOSIHHe nepexo.n. JJ.OJI>Keu 6bITb 9JieKTPH'lecKHM 
;nmoJibHhIM (cooTseTCTBYIOW.HI;\ MaTpHttHhll;\ 9JieMeHT 06oaua1JaeM E1). 
EcJIH >Ke Meaou HcnycKaeTCH B P-cocTOSIHHe c j = 1 / 2, TO TaKoft nepe-
xo.n. SIBJISleTCSI MarHHTHblM JlHIIOJibHhlM (MaTpH'IHhlft 9JieMeHT . M1 (1/ 2)); 
nepexo.n. B P-cOCTOSIHHe c j = 3/2 MO>KeT 6b1Tb JIH60 MarHHTHhl!iE 
.n.HnoJibHblM (c MaTpH'lHblM 9JieMeHTOM M 1 ( 3/ 2)), JIH6o 9JieKTPH'leCKHt.t 
Ksa.n.pynoJibHblM (c MaTpH'IHblM 9JieMeHTOM £ 2). TaK KaK soaMo>Kua 
npoH3BOJibHaH KOM6Huau.1rn 9THX nepexo.n.os, ro aMIIJIHTY.llY T ¢oro-
po>K.n.euH11 MO>KHO aanHCaTb KOpoTKO CJie.11.ylOW.HM o6pa30M 20 (a CHCTeMe 
ueuTpa HHepUHH ): 
T = lE 1 (a~) - M 1 ( +) · { ((k~] q) - l (a [ [k~] q] } k- lq-1 -
- M1 (-}) · {2 ([k~] q) + l (a [(k~] qJ>} k- lq-1+ 
+i+ E2 {<ak) (~q)+(a~) (kq)} k-Iq-1. (26) 
3.n.ecb a - cnHH uyK.rioua, k- HMnynhc ¢oTOHa, a ~ - ero seKTOp 
nons1pHaau,HH, q - HMDYJibC Meaoua. KaK y>Ke 6blJIO OTMetJeuo, HMeercsr 
11eni1pe npou.ecca ·¢oTopo>K.11.emrn, TaK '!TO Mhl HMeeM 11eThlpe aMnmny-
JJ.bl T, KOTOpble o6oaua'lHM 
T+, r- I ro, yno, 
H COOTBeTCTBeHHO 6y.n.eT HMeTbCSI 'leTbl}Je ua6opa . MYJibTHilOJlbHhlX MO-
MeHTOB: Et, Ei H T • .n.. 
nmfxpepeuu.HaJibHOe ce'leHHe a noJiylJaeTCSI I KaK 06bllJHO, nyrt;M 
ycpe.II.HeuHsi I T 12 no sceM cocTOSIHHHM cmrna H nom1pHaau.HH: 
a= W { jE1 /2 +/M1 ( +) r + ]M1 ( +) 12+(5- 3cos20J + 
1 + IE2 l2 ·--g [l + cos2 6] -
- 2Re ( E~ ( M1( +) - M1 ( +)) - + E2] cos 6 -
- T Re ( E; ( M1 ( f) - M1 ( T))] (3 cos2 0 - 1J -
- Re ( M; ( +) · M1 ( +)] . (3 cos2 0 - 1 ]. (27) 
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3JI.eCb B - yroJI Me)K.ll.Y k H q (Bee BeJJH4MHbl 6epyTCSI B CMCTeMe 
ueurpa MttepUMM). <Re( ... )> 03Ha4aeT: <Jl,ettCTBMTeJibHaSI 4aCTb ( ••• )>; 
w - CTaTMCTM4eCKHtt Bee, KOTOpbltt npM6Jllf)K!;HHO paBeH 
(28) 
l 
rJI.e oi = (1+'Yj2]2, a M - Macca HYKJiotta. 
llJI!I 4eTblpeX Ce4eHHtt: a (y+), a (y-) M T • .IJ.. Mb! HMeeM Bblpa)Ke-
Hlf!I, attanOrH4Hbie (27). Eho oaHaqaeT, 4TO MMeeTcsi 16 aMnJIHTY.ll.· 
Ecnlf MCUOJI&aoBaT& rnnoTeay aapH.ll.OBott tteaaBHCHMOCTH 7 , TO 9TO 4HCJJO 
CHH3HTCSI .ll.0 12 HeaaBMCMMbIX aMITJIMTy.ll.. XOTSI OHM SIBJISIIOTCSI KOMnJieKC-
HbIMM BeJIM4MttaMM, MX KOMnJieKCHOCTh TPMBMaJibHa. Jl.eJ.tCTBMTeJihHO, 
B COOTBeTCTBYIOlUeM npe.ll.CTaBJieHMM KOMITJieKCH&le ¢a3bl MYJibTHITOJlbHblX 
aMilJIHTY.ll. MO)KHO T04HO BblpaaMTb qepea weCTb ¢aa a.. (CM. «PacceSIHMe 
rr-MeaOHOB HYKJIOHaMM» ), xapaKTepHayIOlUHX paccesiirne ~-MeaottOB *). 
TaKHM o6paaoM, y uac ocTaeTCH .ll.Beua.u.u.aTb .ll.eJ.tcTBHTeJihHhlX napa-
Merpoe .!I.Jiff onHcattm1 qeTblpt;x pea1<uMtt. oTH coo6pa)KeHHH 11 HBH&Itt 
BH.ll aMnJIMTY.ll. npttBe.ll.eHbl B llonOJIHeHlm. 
f<o9¢<f>Hu.MeHThl A 0 , A1 H A2 <f>opMyJihl (15) MO>KHO B&1paaHTh qepea 
aMnJilfTY.ll.hl MYJihTMnonett c noMOlUbIO cpopMyJihl (27). Mhl npo.ll.enaeM 
sro no MeTO.ll.Y ct>epMR 27• BBe.ll.eM BeJIH'H1Hhl 
TorJla 
fo+M,n )++_E,, l 
Y==-}[M1({)-+e2]+M1(+). 
1 K==[M1 ( + )--}E2)-M1( + ). 
Ao = W 11 E i J 2 + / X J 2 + I Y j2}, l 
A1 = - W {2Re [E;KI}. 
A2 = w 11 KJ 2 - l x J2 - I y J2}. 
(29) 
(30) 
l1a BM)la MaTpM4HblX 9JleMeHTOB 
(cM. :UonOJIHeHMe) BM.ll.HO, 4TO OHM 
J10CTaT04HO 6JJM3KOtt K noporOBOtt, 
HHS! MaJibl (uanpMMep, .llJl!I npou.ecca 
.ll.Jl!I OT .ll.eJibHhlX MY JihTHnonel:l 
,11.ettCTBMTeJI&Hhl npM SHeprnH, 
KOr .ua cpaaOBbie C.ll.BHrH pacce11-
P 1+) nptt £ 1<250 Mao). Eho 
*) 3TOT <PaKT 6hlJI OTMe'leH aeaasHCHMO K. 3ihy, <l>epMH (aeony6JIHKO-
aattilhle pa6oTbl) H BaTCOHOM 278 • 
424 M. rEJlJl-MAHH H K. M. BATCOH 
<:OOTBeTcTByeT o6JtaCTH np11MeHHMOCTH ( cor JtaCHO HaweMy npe.n.nOJIO)l(eHlllO) 
<t>OPMYJI (17). nm1 9THX 9HeprnA E1, x, y H K 6y.11.yT .11.ettCTBl!TeJJL-
HhlMH, H, KpOMe Toro, CJte.n.yeT O>KJ.!.1I,8Tb, lfTO HX 38BHCJ.!MOCTb OT 9Hep. 
rHH 6y.ueT npOCTOA. 113 <flopMyJl (30) cpaay IlOJIY'!aeTC!I COOTHOllJemie 
<l>epMH 27 Me>K.ny K09<fl<fJH1..1HeHT8MH g <flopMy JI ( 17): 
gi = 4gos [gop - g2]. (31) 
TaK KaK K8)f{.llb1A J.!3 '!eTwpt;x Koscfi<fJMuHeHTOB g MO>KHO onpe-
.n.eJIHTh J.!3 9KCnepHMeHT8JibHblX .n.aHHblX HeBaBHCHMO, TO COOTHOllieH11e 
(31) MO>KeT CJIY>KMTb nposepKOtl: paccMaTpHsaeMotl: MO.ll,eJIH <jlOTOpO>K.ll,eHllB 
MeBOHOB. B npe.neJiax sKcnep11MeHTaJibHb1X ow1160K .llJJ!I npou.ecca 
P
1
+ (cM. Ta6JIHUY V) 9TO coOTHOWeHHe swnoJJHlleTC!I. 
MaJJOCTb seJIH'IHHbl gt s Ta6m1ue V cornacHo (31) n0Kaah1saer, 
lfTO a (y+) aaBHCMT OT yrna 6 npHMepHO KaK sin2 6. 3HaSI gbs• MO>KHO 
Henocpe.n.CT8eHHO onpe.neJIHTb BeJIY.lfHHY 9JleKTPHlfeCKOf0 .llHilOJlhHOro 
MaTpH'IHoro 9JieMeHTa s6JI11a11 nopora. 0Ha pastta 
y;Et = -v ; 3,3 · I0- 15 CM. (32) 
Ha-aa MaJIOCTH gt HeBOBMO>KHO on11caTb ce1.Jett11e s6JI11a11 nopora TOJJh· 
KO 0,llHHM '!JleHOM, COOTBeTCTBYIOUJ,HM P-BOJ!He B npoTHBOpelfHH c fl!IlO· 
Te30A opIOI<Hepa- BaTCOHa 20. Cor JJ3CHe c 9KCnepHMeHT8JlbHblMH .ll3HHblMH 
MO)f{HO nOJIY'lHTb TOJibKO B CJ!y'!ae y'leTa .n.syx 113 Tpex HeHC'!e3310ll.(HX 
l.fJieHOB M 1 (3/2), M 1 (1/2) 11 £ 2: HeT OCHOB3HHI.:\ npe.nnoJiaraTb, '!TO 
see TPH 'IJJeHa o.n.HospeMeHHO 01cyTcTsy10T. 
H3-aa MaJJOCTH E~ y nopora .llJlll npouecca P 1o coOTHOllieHHe 
(31), nOBH.ll,HMOMy, He 6y.n.eT cnpase.ll,JIHBbJM B 3H84HTeJJbHOM HHTep-
BaJJe 9Heprntt. 3.n.ecb Hy>KeH 60J1ee Tlll,3TeJJhHbltl: aHaJJH3 (CM. CHOCKY 
Ha CTp. 423). 
Do.n.so.n.11 HTOr paccMOTpeHl1IO ceqeHMI.:\ a (y+) 11 cr (y0) np11 noporo-
BhIX 9HeprH!IX, CJte.n.yeT OTMeTMTb, '!TO 33MeTHhJI.:\ BKJJ3.ll 9JJeKTpH'le-
CKOro .n.11nOJ1bHOro nepexo.11.a npo11cxo.n11T TOJJhKO B ce'!emie nepsoro npo-
uecca. BI<Jia.llhI P-BOJIH B celfeHHSI 06011x npoueccos aaBHCSIT OT yrna 
npHMepHO l<aK sin2 6. 0THOllleHHe 2: 1, .n.asaeMOe ( peaoHaHCHOI.:\ TeO· 
p11eth .QJJSI BKJI3.llOB P-BOJIH B ce1.JeHH!I a (y+) H ··a (y0), BbITIOJIHSleTCB 
oqeHb xopowo. 
Tenepb paccMOTp»M s1<cnep11MeHT3JJhHhie .11.aHHbie .11.Jlll peaottattcttol! 
o6JiaCTH. TaK K3K pe30H3HCHOe COCTOSIHHe (/ = 3/'2, j = 3/2. l = 1) 
.naeT BKJI3.ll TOJibKO B M 1 (3/2) 11 £ 2 , To MO)l{HO O)l{H.ll3Th npeo6na.n.aHHB 
HMeHHO 9THX '!JJeHoB. O)f{11.n.aeMoe npeo6na.uam1e BI<na.na srnx lfJJeHOB B 
peaoHattcttott o6JJaCTH, KOHe'lHO, .He oaHa'laeT, 'ITO OTcyrcrsy10r 'IJietthl, 
COOTBeTCTBJIOUJ,He .llPYrHM MJJihTHilOJISIM. 0.n.HaKO eCJIH pe30H3HCH3B 
Teopm1 cnpaee.n.Jmsa, TO B nepsoM np116J1m1<emm OCT3J1btth1MH qJiettaMH 
B3AHMOllEAC1BMR 1t•ME30HOB ·c· HYKnoHAMH 425 
·MO>KHO npeHe6peq1.. Tor.Ila, Ha ocHosauun :.D.affp<>R. B .Ucnonuepifu <f>op-
MJllhl .D.JISI MJJibTHflOJJbHblX MOMeHTOB, MO>KHO B6JJH3H peaOHllHCHOA 
9ttepnm aanHC3Tb: 
(33) 
3.necb '!11 H e2 - noCTOSIHHble .D.eDCTB'HTeJJbHble' BeJJH'IHHbl. lfoMnJJeKCHbiD 
MHO>KHTeJJb eia.aa DOSIBJJHeTCH Ha OCHOBamrn coc6pamem1tt, np1rne.n.~HHblX 
8 .nononHeHHH. MttomuTeJJb sin (%33 npe.ll.cTaBJIHeT o6o6meHhe 9HepreTn-· 
qeCKOR aaBHCHMOCTH, .naBaeMoR ¢opMynoA (21). 3Hattrnne 9TOro 0606-
meHHH yKaaaHo B pa6oTe 23 *). .D.nsi HaytteHHSI npou.ecca P1+• KaK 
BHAHO na puc. 9, Et Tome cymecTBeHHo. ·Ha cpopMyn1i1 .11.JISI. E{. 
H AJIH E~, npnae.n.~HHblX B .UononHeHHH, a · Taxme Ha Toro <t>aJCTa, 11To 
Ef, nosn.nHMOMy, 011eH1> Man6 s611uan nopora, cne.D.yeT (B ·o6oaHalJe-
HHHX .D.ono~HeHHSI) 
(34)· 
Mb! nonaraeM E'f = 0 Ha nopore, 'ITO KaJKeTca paayMHblM npK6JIHlKe-
uueM. 11cnOJib3YSI (34), MO>KHO aanucaTb Et B DH.Ile 
ywEt= f+ ;1 {e'a.•+2e1a.,}. 
3AeCb el onpe.neJJSleTCSl COOT.HOWem1eM 
B .ll.aJ11>HettmeM Mbl npe..1J.nonom11M, 'ITO npu E1 < 300 MaB s1 
c•n!TaTb KOHCT8HTOI% ('ITO, KOHel!HO, MO>KeT OKaaaTbCSl. 
BHJlbHblM). 
(35) 
MO}f{HO 
uenpa- · 
*) ct>opMyJlhl (33) Jl3IOT 3H3'1liTeJlhHO 60.r.ee npaBHJlhHOe o60CHOBaHMe pe-
30H3HCHOH TeopH!l, l\eM <\JOPMYJia (2.1). HO OHH 9KBMBaneHTHhl 9TOH q>opMyne, 
ecJIH a33 HMeeT BMJl, npttBOJllllUHii K q10pMyJ1e (JO). HanpHMep, B 6o;ree cnOlKHblX . 
reopm1x CaKca H 4y (cM. paanen «Meamrn:·SI TeOpHSI») $0TOJXYlKJ1.eH1re H pac-
ce!IHHe B pe30H3HCHOH o6nacTH CBSl33Hbl qi.op'4yJIOH (33). 
4 Y<!>H, T. L!X, e1o1n. 3 
: M• fiml·MAffH: II K. M. BM'COM 
cl>opMfAM. (SO) Tenepb. MOHCHO S8DHC8Tb, HctlOJJbayJI. (33) H (~·) 
J BH,lle 
+. 2 sin a38 [ I J Al = - 3 -'IJ- el P.1 - 2 e2 X 
X [cos (cr33.- a,)+ 2cos (a33 - aJ], 
At= - sir~aas (ti:] {[a~1 +f e2J2-
- s (P.1 ---} e2]2J. (36) 
At (P) = sin~ aaa [ 11: ] {(3p.1 + + e2 T+ (P.1 - + e2J2}. 
Ha (32) Mhl noJry•mM 
· e1 = 3,3 · J0-15 C.M. (37} 
Ha . .IUlHJfLrt pee. 9 MO)J(HO onpe.11.enHTb senwnfHbJ A,. u, TarrnM o6pa. 
· SOM; . EIM>JJMYn~ (36) npu n1060R aa.a.auuoR suepruu -S1BnH10Tcsi TpeMsi 
ypasHeHHBMH .llJUI onpe.1teneHHH .1tsyx napa.Merpos: f'i H e2• Ms pHc. & 1 
BH.llHO, 'ITO aasHCHMOcTb KOs<f><l>HllHeHTOB A OT 9tteprnH TOJJbKO 
B o6mux qepTax cor nacyeTCSI c aaBHCHMOCTblO, Bbl'IHCneHHOR Ha CCHO· 
BaHHH ¢opMyn (36) *). 
Httrepecuo, 'ITO Af .llOn>KHO MeHSITb suaK, icor.lla [cos (a88 - a3)+ 
+2cos (a38 - a1)] npoXO.llHT qepea uynh. 6epH <f>aabl a Ha Ta6nuu;b1IV, 
MO>KHO' }taltTfi. 'ITO 9Ta CK06Ka paBHa l1yn10 .llJISI er= 335 MaB. 
Ha pee. 9 nonyqetto, . qro SKcnepHMeHTaJibHoe 3Haqeuue A1 o6paµtaeTCll 
B ayn& npu E1 "'325 Mao. Cosna.1teHue, oqesH.D.HO, MHOro nyqrne, 
. 'leM rapaHTHposattHaSI TO'IHOCT& SKcnepHM.eHTaJibHblX .ll8HHblX. Ta1< KaK 
£1 HSBfCTHO, TO, ~T06bl onpe.uenHTb ( p.~ - + E2 ). MO>KHO HCil0Jlb30• 
B8Tb HaKnOH B aaBHCHMOCTH At OT 9HepruH, KOr,lla 9Ta BeJIHt!HHa 
npoXO.llliT qepea HYJih. Mb! nonyqaeM: 
I 
!11 - 2 e2 = J,6· J0-15 CM. (38} 
0..o.HaKO SJJ.eCb cne.uyeT co6mop.aTb4 HSBeCTHYIO OCTOPo>KHOCTb BBH.!lY 
orpaHH'leHHOR TO'IHOCTH npe,ll.BapHTeJlbHblX 9KcnepuMeHTOB, Ha KOTOpbie 
Mbl CCblJ18JIHCb 19• Tenepb MO>KHO onpe.lleJIHTb f'1 H e2, HCDOJibaySI JIH60 
. *) lJy H. Bepaap.nHRH y1<aaanu, qro ecnu orKa33TbCll ot saeprerHqecKoit 
33BllCHMOCTH a33, npHBQll.11~ K ct>opMyne (10), H HCilOJlb30B3Tb BMeCTO Hei! 11aH· 
Hble· Ta6.n. IV, To. peaJJibTatbl no pacceHHHJO H qioropo:11<.n.eHH10 onMcL1Ba10rc1t 
-e IIOMOmblO (36) 3HaqHTeJ!bHO .ny'lme. 
BSAHMOl{IB!tCfBmt ~·M'l30UOB C H~K.lioHAMH 
Ai, At (P). Eh() npnBO.llHT K cne.ZlytOfii.HM saMe'laHHSIM 11-1 H e2: 
ti-1 =2,5·10-15 C.M, } 
E2 = I,8· 10-15 C.M. 
I{ C'l8CThlO, K8)1(,llbd1 HS .llBYX He3aBHCHMblX nyTeA )la!;T BenH'IHHhl, 
orJJH'laJOmHeCSI OT BHa'leHHt\ (39) He 6011ee 'leM Ha 10%. Eho SIBJIHeTCll 
y6e,11.HTeJlbHb!Jrf IlO)lTBep>K,neHHfM Hamett MCJJ.eJJH (XOTH, MO>KeT 
6bITb, H He CTOJlb. s¢¢eKTHOA, KaK npe.n.cKasatrnoe STOA TeopHetl 
c6p2meHHe B HYJib At npH E1 = 335 Mas). 
Cepbl!-3HOA npoBepKoA peaoHaHCHOA Mo.n.enH SIBJJHeTCSI npe.ncKaaa-
ttHe COOT HOWCHJIHJt 
Ao Ao 
_2 ___ o __ 
2 
'At - Afi(P) - . 
3TH COOTHOWeHHSI Bb!IlOJIHSllOTCSl B npe.ne11ax 9KcnepHMeHTaJ1bHNX OUIH-
6oK ( XOTSI nonyiieHHOe HS 91<cnep1MeHTa OTHOWem1e MO>KeT 6blTf, 
paBHO 2,5). Ha pHc. 9 H TaOJIMUbl VI BM.llHO, ttTO 
A+ (P) . ~+ -1,35; 
2 
Ao 
Ag ,..., 1,3. (40) 
3rn COOTHOllleHHSI ,MoryT' O'leBM.ll.HO, COJJ.Ep)KaTb 60JiblllMe. 9KCnepH-
MeHT8JlbHble 0I11li6Kif (~ 25% ). EcnH 6bl He 6i.rJio BKiiaJJ.a · oi sneK-
rpw1ec1<oro KBa.npyDOJISl20, T~ 9TH OTHOllleHll:SI B 060JiX CfriaJiX 
.llOJJ>KHhl 6bl~H • 6bl . pasHSJT~csi 3 "' l, 67. 3TH COOTHOWeHHSJ, a T3K)l{e 
¢opMyni1 (~8) it (39) yKasblsaioT, ttTo HMeeTcsr BKJiaJJ.. OT sneKTpH-
'leCKoro KBa.llpyno.ilbHoro nepexo.lla. 
Ecnu aMn.nwryJJ.hI JJ.JISJ OT.11.eJibHblX MYJihTHTIOJiei'I yme onpeJJ.eJJeHbl 
B <J1.~3oflaiidion o6naCTH> .11.11si npou.ecca P1+, TO TeopHsi O.llHOBHa'IFlO 
npe.ncKaShlBaeT Kos<fiqrnuHeHThl A~, A& H Ag ,nnsi npouecca PTI}~ ·B Ha~ 
lllHX o6oaHatteHHSJX (cM. JlonoJIHEHHe H cuocKy fla cTp. 423) · 
4* 
A8 ~ A~(P)= + AJ-(P), 
Ag=+At, 
Ao 4 sin a33 [ l ] X I= - J -lj-El P.1 - 2 22 
X [cos (ass - as) - cos (1l33 - ai)}. 
(41) 
JI. i'EnA-iiAhU H · H. M. BATOOH 
Kor.a.a OORBRTCR 60.nee no.11po6Hble 9KCnepHMeHTa.JlbHble .11aHHLre, ·TO 
3TH COOTHOUleHHR JI.Bil.YT B03MO>KHOCTt. cep1>i!3HOlt nposepKH <pe30-
H8HCllOR MOJteJIH > • . 
r, .Ope>K.11e qeM nepeXO.llllTb K paCCMOTpeHHIO 6onee CJJO>KHOrO HBJieHllll 
po>K.lleHHR Me30HOB npH CTOJJKHOBeHHH HYKJJOHOB, 00.ll.Be.ll ~M HTOr pac. 
CMOTpeHHIO RBneHHA paccesiHHR H <!><>TOpo>K.11eHHSI Me30HOB. 
• · Tj:>H noCTynaTa · H3 paa.lleJia cHeKOTOpble <f>HaaqecKHe coo6pa>KeHHH, 
GTltoatutMear K· '1Mle30H8M>' a HMeHHO: (a) ICOHeqHOCTb pa.n.Hyca CHJI• 
{b) rlinoreaa. aapsi.11osoR ueaaBHCHM. OCTH; (c) · ranoreaa cyUJ.eCTBOBaHH~ 
fleaoH8Hca, JJ.8IOT paayMHoe OCHOBaHHe JJ.JJH ycnewuoro OOHCaHHH HMelO· 
W.HXCH .n.aHHblX o MeaoHHblX sianeHHHX npH <Manhlx 9uepr1tHX>. TaKoe 
paCCMOTpeHHe, OOBH.U.HMOMY' BblSIBJJSleT npHCYlllYIO srnneHHIO npocrory 
H B.lleCTe c TeM yMeffbWaer rpy.D.HOCTH, KOTOpble JJ~.D.CTOHT 11peo.11o;re1/,i 
oonee oOOCHOB3HHOR H 00.U.pOOHOR TeOpHH. 
PO>KJlEHHE n:-ME30HOB IlPH CTOJIKHOBEHHH HYKJIOHOB *) 
_. B 9TO)t .paa.11e.ne. . MJ.1 . pacCMOTpHM HcnycKaHHe H nornomeuHe 1t"Meoo-
H.0.B cacreMOR .11.eyx · HyKnouoa. 8Kcnep1tMeHTaJ1&Ho npou.ecc acnycKattn11 
lic:»Ktto "itay'laTb DfTeM perHCTpau.HH 1t•Me30HOB, DOSIBJIHIOUJ.HXCH npH 
~Hp<>BKe BO.llOpo.n.a HeRTpoHaMH HJJH npoTOH8MH (HnH, qTO 9KBH· 
88.etn'HO, BblqHTaSI peay.1IbT8Tbl, nony'laIOUlHeCH Ha OOJJH9THJleHe H Ha 
yrnepoite). OorJIOIJ.leHHe 'lt·Me30HOB MO>l<HO H3Y'IHTb Ha peaKU.HHX 
'lt++D-2P H ~+D-2N. 
Cordaro rHno-reae 33pH.llOBOR H~338HCHMOCTH npH HCDYCK3HHlf 11e-
30ff8' .. HsbtonHqeCKHR CDHH I .11ayx HflCJIOHOB MO>KeT HCOblTbl88T& OJ(_l{f( 
as· Tpex nepexo.11.oa: · 
I = 1 - I = 0, no1moe c~Jre OO"ooHa'IJDI cs10; 
I = 0 -+ I = 1, OOJIHoe ceqefiue 00ooH8'1HM CS01; 
I= 1- / = 1, nonuoe ceqeuae o6ooua'IHM cs11• 
tlpouecc I= o.-/ = 0 aanpew.;H, T8)( K8K HcnymeHHbllt M~OH YHOCHT 
U30'rODHqecl(ffR CDHH, paBHblR e.n.HHHUe. 
· TaK K81C y .n.eRTOHa I= 0, TO Ton&KO nepewt H3 nepeqHcneHHNX 
Bblllie npoU.ecCOB MO>KeT npHBeCTH K o6pa30B3HHIO .n.eATOH8. no9TOMy llH 
aamnueM cs10 = csio• +aw , r.n.e CSJO' OTHOCl\Ttl K • npou.eccy c o6paso-
88HHeM .n.eRTOHa (peaKU.HH co «CBSl33HHblM COC'l'OHHHe10). H Oto" - c o6-
pa3088HHeM .neyx ceo6o.n.Hb1X HYKJJOHOB c I= 0 (peaKU.HSI c <Hece11aaH· 
Rbllf COC'l'OSIHHeM » ). 
I nonHble ceqeHHH .n.nH pa3JJH'IHblX Ha6nIO.n.aeMblX peaKUHR, H.U.YtUHX 
c' 00p830B811HeM Me30H~B, MO>KHO Bblfa3HTb 'lefe3 CSuy, C:St0", CS01 H 011 
*) 3TOT paa.11en nepeKp1i1eaeTc11 cTaTbt!i\ A. PoaeHl\>eJ1hJl.3, Phys. Rev. 96, 139 
(1954); o5oJH!lqeHHH. e 3TOM pauene cosna.naioT c o5oJiaqeHHHMH PoaeHl\>eJJ&Jll 
if HecKOJlbKO OTJIH'laJOTCll OT o6oaHaqeHHA npeJ1bl.llJ1UMX paa.n.enoe. 
B8AHllOJlEACTBHE 1t·ME30HOB C HVKJIOHAMH 
CAe.11yi<>UJ.HM o6paaoM: 
P+P-,n-+o 
P+P-'lt++N+P 
P+P-'lto+P+P 
N+P-1t0 +D 
N+P-'lt0 +N+P 
N+P-,n-+N+N 
N+P-7r.,..+P+P 
a= "10' 
a=a10"+"11 
a=a11 
1 
a= 2 a10' 
1 l 
a=2a10"+2"01 
I l 
a = 2 "n + 2 "01 
1 1 
a= 2 "11 +2"01 
429 
l 
(42) 
1 
MHo>KHTeJlb 2 B ce'llemmx .11.nsi npoueccoB, e KOTOpblX y'll&CTBYIOT 
HeliTpOH H npoToH, nonyqaeTcsi noToMy, 'llTO CHCTeMa N - P HMeeT 
pa1rnble eepoHTHOCTH 06na.11.aT1> I= 1 H I= 0, Tor.11a KaIC cecTeMa 
P- P ecer.11.a HMeeT I= 1. 
Ce'l!eHMSI .11eyx na6n10.11aeMblX peaKUHli nor nomeHHSI MO>KHO BblpaaHTh 
qepes 010' ' HCnOJib3YSI hpHHUHh ,!leTaJlbHOro prurnoeecHSI: 
'lt++D-.P+P 
'lt-+D-N+N 
2 p2 1 } 
a= a10• 3 p.~ c2 'IJ2. (43) 
3.n.ecb f.L - Macca 'lt-MeaoHa, c - CKOpOCTb CBeTa, p - KOHelJHblA HMnynbC 
nyKJIOHa B CHCTeMe ueuTpa Jfnepumt H '1J - HMnynbC r--MeaoHa B ce-
CTeMe ue11Tpa HllepUHH, Bblpa>KeHHbdl B e.!lHlfHuax !J.C. 
Bee cooTHOllieHHH, nony'l!eHHble fla ocHoee rnnoTeSbl aapsi.11.oBoR H~ 
saaHCHMOCTH, HY>K.!laroTcH e nonpaeI<ax Ha KYJIOHOBCKHe CHJlbl, aa pas-
Jiwrne Mace ueRTf'.OHa H npoTOHa, Ha paaJIH'l!He Mace aapH>KeHHoro H HeR-
TpaJibHOro 'lt-MeSOHOB H Ha .npyrne MaJible, aaeHCHlUHe OT aapH.na s<P¢eKTbl 
(eCJIH OTBJJe'l!bCH OT BOSMO>KHblX cyllJ,eCTBeHHb!X Hapyme11HR npHHURna 
sapH.llOEOR HesaBHCHMOCTH). 
TipH paccMOTpeHHH po>K.!lt:HHH MeaoHa Mbl orpaHH'l!HMCH TaKOR o6na-
CTblO 9Heprntt HaJieT310llJ,HX '1!8CTHU, B KOTOJ:OR 'Yj ecer.n.a < 1 (9HeprHH 
MeHbWe 450 Mas). B STOM SHepreTHlJeCKOM HHTepeane 9HeprHH OTHOCH-
TeJJbHOrO .llBJf>KeHHH E .neyx HJKJJOHOB B KOHe'l!HOM COCTOHHHH ecer .!la 
Mettbwe f.LC2 (V2 - 1) = 57 Mao H HMeeT TeH.!leHUHIO yMeHbWaTbCH Ha-sa 
Toro, 'l!TO 'lr-MesoHbl yuocHT npeHMyllleCTBeHHO 60J1bWHe HMnynhcb1; Mbl 
6y.n.eM C'l!HTaTb, lJTO e ocHOBHOM E < 25 Mao. Mo>KHO npe.a.nono>KHTb, 
'!TO pO>KAeHHe MesoHa npoHcxo.n.HT na xapaKTepHOM paCCTOHHHH R OT 
1.teHTpa CTOJJKHOBeHHH H 'l!TO R paaHO no nopH.D.KY eenH'l!HHbl :fL. TaKHM p.C 
o6pasoM, e paccMaTpHeaeMOM suepreTH'l!eCKOM HHTepBane npoHaee.11eHHe R 
JIH6o Ha KOHe'l!flbIR HMnyJJbC tteRTpotta, JIH6o Ha KOHelJHblA HMDYJib'C 
. Me30Ha ,re:; f;,. 009TOMy MO>KHO C'IHT8Tb, 'ITO Me30H·6y,Q;eT lij.:ljlJ.~Ka:i:&AA 
e S- HJIH P..cocTOSIHHSI no OTHoWeHHJO K .D.BYM HYKJrOHaM H 'ITO .ZlBa HJKJJOtta, 
nonyttHBlll~XCSI B peaynhTaTe peaKUHH, 6y.a.yT HaXOJlHTbCSI B COCTOSIHH!I)( 
s HJIH p DlO OTHOWeHHJO . .lij)yr K .npyry • .Um1 HYKJJOHOB CHJibl.IOe IlPHTll· 
meHHe B S-cocroRHHH , (B nporHaonono.>KHOCT.b OTHOCHreJJt>HO CJia6hlM 
CHJiaM e P-cocTOSIHHH npH M8JiblX 9Hepnn1x) npHBe.a.15T K CHJihHOMy 
yeeJJH'leHHIO ponH COCTOSIHHSI c l = 0, a BMeCTe c TeM H K npeo6na.u.amuo ll 
.M8JlblX aHa'leHHif E. axcnepHMeHT yKa3blBaeT Ha npe06Jia.a.aHHe P-COCTOH- ' 
HHS! MeaoHa (aa HCKJIJOlfeHHeM 9HeprHit, . 6JIH3KHX K noporOBblM); 9TO l 
yKa3blBaeT Ha TO, 'ITO MeaOHbl po>K.U.alOTCSI aa C'l~T B3IDIMO.D.d\CTBH!I ' 
cnHHa HyKJIOHa c HMllyJibCOM Me30Ha, KaK B ncee.n.ocKanSlpHoR TeOpHH. \ 
. B 9KcnepHMeHTax c nornomettHeM OTHOCHTeJlbHbltt MOMeHT Hat18JlhHOI\ 
cHcTeMhl .ll.Byx . HYKJJOHOB ecer.n.a .a.ettTOHHblt\, T. e. c npeo6Jia.a.aHHeM 
3S1-cocTORHHSI c HeoonhWOR (,....... 4 % ) npHMeChlO COCTOSIHHSI 3 D1• Mhl ( 
OllSITh oy.11.eM paCCMaTpliB8Tb TOJlbKO 9Hepnrn, .ll.JISI KOTOpblX '1j < 1, Tai< \ 
11ro OCHOBHOR BKJJa.a. B npouecc 6y.n.yr .n.aeaTb S- H P-cocTOSIHHsr Meaottoe. i 
PaccMOTPHM nepeyio 113 ( 42), tta116onee HaeecTHYIO peaKumo, KOTO· I 
pasi HJJ.eT c o6paaoeaHHeM (HJJH pacmenJieHHeM) .a.eitTOHa. Ce'lem1e po>K11.e-
HHS1 Meaotta c o6paaoaaHHeM .llettroHa o6oaHa'leHo KaK alO'. B 9TOM npo-
uecce (ecJIH MeaOH HcnycKaeTCSI B S-cocroHHHH) noJIHbltt MOMeHT KOHeq. 
Horo COCTOSIHHSI paeeH npocro MOMeHTY JJ.eRroHa, J = 1. 4~THOCTb 
B KOHe'lHOM COCTOSIHHH Ha-aa ncee.n.ocKaJIS1pHOCTH Me30HOB OTpHuareJJbH8. 
TaKHM o6paaoM B Ha11aJibHOM cocroHHHH .llBYX HYKJIOHOB .ll.OJI>KHO Oh!Tb 
I = 1, J = 1 H lJ l'.;THOCTb OTpHUaTeJibHaSI. Cor JiaCHO npHHU.Hny nay Jiff 
BOJIHOBaH <PYHKUHSI JJ.BYX HyKJIOHOB, CUMMeTpHt!HaSI no H30TOOH4eCKOMY 
cnHHY (I = I) u aHTHCHMMeTpHt1HaS1 e npocrpattcTBeHHblX KOop.a.1rnarax 
(oTpHU.aTeJibHBSI lll3THOCTb), ,llOJl>l<Ha 6b1Tb CHMMeTpwrnott no cmrnaM 
(TpllnJieTHOe COCTOSIHHe). TaKHM o6paaOM, e.lll~HCTBeHHblM B03M0)l{Hb[M 
HattaJibHblM COCTOSIHHeM SIBJISleTCSl 3 pl• 
.EcnH me Me30fl HCnycKaeTCSl B P-cOCTOSIHHe, TO B KOHe'IHOM COCTOH· 
HllH MOMeHT MO)l{eT 6h1Th paBeH .I= 0, I HJIH 2, H 11!5THOCTb 
nonO>KHTeJl.bHa. Ha'lanbHOe cocTOSIHHe c I = 1 H nonO>KHTeJihHOtl 
'l~THOCTb!O .D.OJI>l<HO 6hITb CHHrJieTOM If Tor.a.a B03MO>KHhl TOJlbKO COCTOH· 
HUH 1S0 If 1D2• 
TaK11M o6paaoM, npH MaJihlX sHeprnsrx HMerorcH TPH BOSMO>KHOCTH: 
(a') 2N (3P1)--+ D es1) + Me30H B S-cOCTOSIHHlf, 
(b') 2N (1 D2) - D (3S1) + MeaoH s P-cOCTOSIHHH, 
(c') 2N (1S0) --- D (3S1) + MeaoH B P-cocTOSIHHH. 
06oaHalJHM qepea 80 OTHO!UeHHe KOMnJieKcHoR aMn11ury,11.bl .U.JIR npouecca 
(c') K KOMnA~KCHOtt aMnm1Ty.u.e npou.ecca (b'), HH.U.eKC 0 OTMe'laeT TOT 
lj>aKT, 'ITO .D.JIR (c') J = 0. AHanoru'IHO o6oatta<iHM qepea o1 OTHOU1em1e 
aMnJIHTY.!l npoueccoB (a') H (b'). 3TH OTHO!UeHHSI KOMnJieKCHblX aMilJIHTY.ll. 
ceRaaHbl c o6blttHhlMH MaTpH<tHblMH s11eMellraMH S MaTpHUhl u0, u 1 H ~ 
B3AHMOA1!RCll'BHEI 'IMEOOHOB C · "flYl<JIOHAMH 
cOOTBeTCTBeHHO ,ltJISI J = 0, J = 1 H J = 2 lf>opMyJiaMH: 
(44) 
HR a .nmpcpepeHU.HaJJbHOe, HH B nonuoe ceqeuue He aoR.nyT HHTep<)>e-. 
pettUHOHHhle l!JieHbl npou.ecca (a') c npou.eccaMH· (b') H (c'), -Tak ·iea.K · 
ttatJaJibHblM COCTORHHeM npouecca (a') SIBJUleTCSI TPHIJJJeTHoe COCTOSIHHe, a npo-
ueccoB (b') H (c') - ClfHrJieTHOe COCTOHHHe. Cne.noBaTeJibHO, Mbl MO)l{eM 
or.neJI&HO paccMaTp1rnaT& po)l{,UettHe Mesouos B S-cocTOSIHHH H B P-co-
crosiHHH. 
PeaKUHR, H.ll.yma11 c ucnyc1<am1eM Me3oHa a S-cocTOHHHe, xapaKTe-
p1myerc11 H30TponHbIM yr JIOBhIM pacnpe.ll.eJieHHeM H ee cel!ettne (a6JIH3H 
nopora) .UOJI)l{HO 6hITb nponopuHOH8JlbHO mmy JlbCY Me30Ha. .il.JJll MaJiblX 
stteprntl MO)l{HO 38TIHC8Tb: 
da10• 
47t dQ ( S-BOJitta) = IXlJ, (45) 
me a He aaBHCHT HH OT yrna, HH OT 9Hepnrn. I1cnOJ!b3YSI 9KCnepHMeHT3Jlb-
Hble .uaHHhie H npoBeJtSI TeopeTHl!eCKOe Bbll!HCJieHll.e, oplOKHep, C~p6ep 
tt BaTCOH 3 onpe,!1.eJIHJIH BeJIHl!HHY IlOCTOSIHHOil a. np1rne.n.6M HX pac-
cy)l{,11.eHHe. 
nattOBCKHll, AMO.LlT H Xa.nnu 2 H3Mepirnn OTHOIIIettne BbIXOJtOB .nnyx 
npouecCOB 1t-+D---2N H 'lt-+D-2N+1. H.D.Ylll,HX B pesyJibTaTe 
nornorn.eHHSI 7t-Me30HOB B .11.et!TepHH. 1t'-Me30Hbl, IlOBH.UHMOMY, nor JIO-
maroTCSI c S op6HTbl MesoaToMa .1l.ettTepH51. 0Tnomenue, noJiyllennoe 
IlaHOBCKHM, npHMepHO paBHO OTHOlIIeHHIO COOTBeTCTByIOllI,HX cel!eHHlt ,l(JISI 
7 
nornomemrn Me.D.JieHHb!X 7t-MesottoB. l1cnonhsysr ero BeJIHl!lrny 3 , HMeeM 
)l.JIS! Me)l.JJeHHblX Me30HOB: 
7 
<J(1t-+ D-2N) =a-a(7r-+D-2N+ "(). (46) 
EcJIH socnonbsonaTbCSI ipopMyJiolt ( 43) H TeM, l!TO .11.m1 Me.nneHHblX 
MesoHOB p2 = µc2. M, r .n.e M - Macca HJKJIOHa, TO 
EpIOKHep, Cep6ep H BaTcou, c.n.enaB ou.eHKY, HaIIIJIH, l!TO 
2 0(7t-+D-2N+·t)=3 a(y+N-1t-+P). (48) 
II. rBM-MAHH H K. If. BATCOH 
Ha npHHUHnl ACT8Jlbff_Oro paBHOBeCHSI nonyqaeTCSI COOTHOWCHHe'· 
2 
a(r-+P-N+1)= Tjla(y+N-11:-+P). (~9) 
0THOweHlie ce'leHHSI <l>oTOpo>KD.CHHR 11:- -Me30H8 K ce'leHHIO <l><>Topo>l<Jle· 
HHI tt+-11eaoea Ha .lleATepHH oKaablaaeTcR 22 paaHblM 1,4. Eho oaua11aet 
o(y+N-r-+P)-= l,4a(y+P-tt++N). (5l) 
06~.llHHRR (46), (47), (48), (49) H (50), Mbl nonyqae11: 
a10, = ~ 1J!"' a(y+P-ir++N)::::::a(y+P-11:++N). (51) 
Mcnonb3yR nonyqeuuyio Bepuap.D.HHH 16 aenH'lHHY 7l (0,14 ..tt6) .m 
ceqeuHR a (Y + P - 1t+ + N) B o6nacTH noporOBblX sneprnA H Y'lllTll· 
BaJI B03MO>KHhle OWH6KH Ha-aa ueonpe.D.en~HHOCTeA npn nepeXO.ll8X OT 
( 46) K (50), Mhl nony'IHM npnMepuo: 
HnH 
010' (S·BOJ!Ha) = Tj-(0,14::t: 0,05) Jt{j 
a = (0, 14 :±:: 0,05) ..tt6. · 
(52) 
(53) 
B OTnH'lHe OT S-aonuhl BKJl&.ll P-BonHhl B 010' s6nuau nopora 
xapaKTepuaye1csr aaBHCHMOCTblO Yj3• Yrnosoe pacnpe.D.eneuue aasucur OT 
KOMnneKCHOrO 'lHcna a0, KOTOpoe paBHO OTHOWeHHIO 8Mfi.llHTY.ll.b1 npO· 
uecca (c') K aMnnHTy.ll.e npouecca (b'). D.n11 cny1rn11 P-BOJIHhl OHO HMeer 
BH.ll. X + cos2 6, r.ll.e X Bhlpa>KaeTc11 <J>opMynoA 
X = [ 12- Jf2.io 12 - 11-1. (54) 
1+y2s0 _ 
TaKHM o6paaoM, B6nnan nopora aaBHCHMOCTb ceqeHHH OT sHeprnH H OT 
yrna a cnyqae P-BOJ!Hbl Bblpa>Kaercsr <t>opMynott 
da10• X + cos2 6 41t (jg (P-Bonua) = ~ · Tj3 1 • (55) 
x+3 
Q(he.llHHHH BKna.D.hl OT S- n P-aonu, nony'IHM .nn11 nonuoro ceqeuun 
H .D.JIH yrnoaoro pacnpe.D.eneun11 
A+coszo, 
r.a.e 
1 
x+-
A=X+ 3 a 
"l2 • T· 
(56} 
(57) 
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1:Ja11HH8ff c HCKOTopoA 9HeprHH BblWe nopora, Bee napaMeTpy a, ~ H x 
6y JJ.YT saBHCeTb OT "l· 0.llHaKO pasyMHO C'IHT3Tb, lfTO noKa .llJIHHa BOJIHhl 
Mesoua 6on&we KPHTHlfeCKoro paccro11HHS1 R (T: e. "l < 1), 9Ta sasH-
cHMCCT& sienffeTcff cnaC5oA. Mhl nonb1Tae11csi HHrepnpeTHpoeaT& SKcne-
pHMeHTBJI&Hhle .ll3HHble, npe.11nonara11, lfTO B paccMaTpeeaeMOM snepreTe-
qecKOM HHTepeane 9TH napaMeTpbl llBJllllOTCll nOCTOllHHhlMH. 
Tenep& MO>KHO onpe.lleJIHT& ~ H X, cpaeHHBaff npH onpe.lleniSHHoA 
98eprnH noJIHble celfeHHll H yrnoe&1e pacnpe.lleneHHll, .llaeaeM&1e <l><>PMY-
naMH (56) H (57) c sKcnepHMeHTaJI&HhlMH. Bocnon&syeMcr .llaHHhlMH Kpo-
¢opJJ.a H CTeeeucona 28 (cM. TaC5nuuy VII). KOTOpble nony11HJIH .11ns 
11, paaHoro 0,58: 
Ototal = (0,269±0,026) ~. 
A = 0,29 -t- 0,08. 
Ecne Mbl eoa&Mi!M cornacHo (53) a = 0, 14 .M6, ro nony11uM: 
~= 1,0 .M6 (58) 
H 
X=0,1. (59) 
Tenepb Mbl cpaBHHM Hawy nonysMnupu11ecKy10 cpopMyny, BKJIIOlfaIOW.yK> 
rpH napaMerpa 
4 da - fo 14 + 1 O 3 (-0,l +cos2 O)} 6 (60} TC dQ - l t 'Yj t 1J ( ] ) .M ' 
0.1+3; 
c H3BfCTFblMH B HBCTORW.ee epeMR 9KcnepHM€HT8J!bHblMH .ll.8HHbIMH ne> 
prnKUllSIM P + P- r.+ + D H TC++ D - P + P. TaKoe cpaettettue 
c.neJJaHo e n6Jrnue VII. 3aMen1M, tfTO cetfeHHe nornomeHHSI TC-Mesottoe 
nq:ecttHTc.HO Ha cooratrcnyIOu:ee cetteuue c6parttoro npouecca. CooT-
BeTCTBOlHO 9TOMY 9EepHH nepeBe.llrnbl B 9KBHBaJieHTHble 9HeprnH 60M-
6ap.n11py10ill HX npO'IOWP. 
PeayJJbTBTbl Kaprp~flra H .up. (ra6Jiuua VII, pa6ora (c)) H .llep6utta 
H .np. (n:6J:Hua Vil, ra6ora (e)) npH 9Heprm1x OKOJIO 340 Mas SIBnJllOTCff 
€.llliHCTBtHHb:MH .ll.3HHb!N.H, C€.J:b~3HO paCXO.!UllllHMHCSI c nonysMnHpHtt€CKOA 
qcp.1ywA H, noan.untt.cMy, .D.OJDKHbl 6b1Tb aaMeHeHbl pesyJibTaTaMH Kpo-
¢cp.11a H Crneettcoua. 
MMeercR .n.ea s1<cnepHMettTaJibHhlX pesynbTara no peaKUHH N + P -
- 7to + D, KOTCfBSI, B COOTBeTCTBHH c rnnoresoA sapsi.n.oeoA He3aBHCH-
MCC1H, .D.OJJ>KHa 6b1Tb ro>K.n.ecTBeHHa peaKUHH P + P - TC++ D, aa 
I HCKJllOtfettHeM MHO>KHTeJISI 2 B a6COJIIOTHOA BeJIH1JHHe ce11eHHSI. fHJI.ll.e-
6patt.n. 29 npHBO.ll.HT yrJJOBOe pacnpe.ll.eJieHHe (.UJISI 9TOA peaKUHH) B BH.ll.e 
0,21::::!::0,06 + cos2 fJ npu Yj = 0,96, a IllnIOrep 30 - no;iuoe celfeHue, 
: 
PaccMarpH-
B3eMaSI 
peaK~HSI 
3KcnepHMeHTaJlbHble J.{8HHble 110 pO>KJ.{eHltlO M e30.HOB 
npH CTOHKHOBeHHH HJKJIOHOB 
.. 
2~ * 
.. 
' 
* * 
:s: 
t; o; 
"'m 
o; cu o; cu 
tm cu,-.. m,.... 
cu m 
mlQ t>: IQ m 
"'I 0 t>: 
"':c t>: =II! "'=II! t>: "' :c 0 ..,.._ :c.._ "' :i: 
... :i: ~~o :i: :i: a:: 0 :i:~o :i: cu 
:s: Q, cu - o; -
I 
"' Q, >. 
... 
"' 
~"'<: 5"«: 
'- I:: 0. 0 u t> Q, ,I 
0. >< cu "' :s:"' cu "' :s:"' cu cu :s: ::e :i: ::r :i: ::e :i: ::r :c ... a; g M :S: ::a :s: .., :s: ::a :s: :s: f=" :::.: ::r '° ::r :::.: ::r co;:!' t::: 
P+P- 311 0,39 0, 100±0,013 0, 11 - 0,49 (a); (b) 
-1t+D 315 0,42 0, 133±0,016 0, 13 - 0,44 (a); (b) 
. 321 0,46 0, 168:t.0,018 0, 16 - 0,38 (a); (b) 
324 0,48 0, 178±0,016 0,17 0,28±_0,07 0,36 (a); (b) 
330 0,52 0,228±0,017 0,21 - 0,32 (a); (b) 
332 0,54 0,245±_0,013 0,23 0,32±0,05 0,31 (b) 
333 0,56 0,264±0,019 0,25 - 0,29 (a); (b) 
338 0,58 0,269±0,026 0,28 0,29±0,08 0,28 (b) 
340 0,59 0, 18 ±0,06 0,29 0, 11±0,06 0,27 (c) 
'IC++n- 341 0,59 0,284±0,050 0,2!:1 - 0,27 (d) 
-P+P 346 0,62 0,22 ±0,02 0,33 0, 19±0,09 0,26 (e) 
382 0,82 0,66 ±0,07 0,67 0,26±0, 14 0,19 (e) 
413 0,96 0,97 ±0,10 1,02 0, 18±0, 15 0, 17 (e) 
P+P- 437 1,05 1, 15 ±0, 13 1,30 0,20±0,02 0, 15 (f) 
-+1t++D 
(a): A. G. Sch u I z, U. S. Atomic Energy Commission Document 
UCRL - 1756 (1952). (b): P. S. Crawford and M. L. Stevenson, U.S. Atomic Ener-
gy Commission Document UCRL - 2187-2188 (1953). 
(c): W. F. Cartwright, C .. Richman, M. N. Whitehead 
and H. A. W i I cox, Phys. Rev. 91, 677 (1953). 
(d): D. L. CI ark, A. Roberts and R. W i Ison, Phys. Rev 83, 
649 (1951). . 
(e): R. Durbin, H. Lo a r and J. Steinberger, Phys. Rev. 84, 
581 (1951). 
Stallwood (f): T. H. Fie Ids, J. 0. Fox, J. A. Kane, R. A. 
and R. B. Sutton, Bull. Am. Phys. Soc. 29 (4) (1954). 
B3AHMO.n8'tCTB~E ~-~ao~OB c .QY~OHAMH 435 
paBHOC. 0,6-+- 0,2 MHJIJIH6apHa .nnsi 0,85 < 'Yj < 1,05. CpasHeHJt:e c (60) 
110K83b!BaeT' tiTO 9TH .naHHble B npe.neJiax 9KCnepHMeHTaJibHb!X oum6oK 
lie npOTHBOpetiaT rnnoreae aapsiiI.oaoA He33BHCHMOCTH. 
Onpe.neneHHe napaMerpa X B yrnoBOM pacnpe.neJieHHH P-BOJIHhl He 
cpHKCHpyeT BeJIHlJHHbl KOMJIJieKCHOro llHCJia Oo, paBHOro OTHOllleHHJO 
BKJla.noB J = 0 H J = 2 B po>K.neHHe MeaoHoB B P-cocTosiHHH. BeJIH•rn-
tta o0 orpaHHlfeHa JIHillb TeM, 'ITO oHa Jie>KttT B onpe.neJil!-HHOM Kpyre 
Ha KOMJIJieKCHOA IlJIOCKOCTH, .lleACTBHTeJlbHO 
o0 = - J2 (1 +3X)+ :'i X(X + l)ei"'o. (61) 
}l;!ll X = 0, I Mb! HMeeM: 
o0 = - 0,92+0,70e'"'•. (62) 
Be1m'IHHY lf>aaoBoro yrna HeJib3H onpe.neJIHTb no .naHHhlM paccMOTpeHHblX 
SKCllepttMeHTOB. 0.nHaKO ee MO>KHO H8ATH, H3Meps!H IlOJIS1pH33llHIO .neA-
TOHOB B peaKl{HH p + p - 'It++ D HJIH aCHMMeTpHIO B yr JIOBOM pac-
npe.neJieHHH peaKUHH rr+ + D - P + P, Kor .na .neATOHbI MHUieHH IlOJIH-
pH30BaHbI. B cnyqae peaKLlHH P + P - rr+ + D .u.eATOHhl, noJiytiaIOmHecsi 
aa c'leT P-BOJIHOBOA qacTtt cetieHttH, nonHpH30BaHbl nepneHAHKynHpHo 
ITJIOCKOCTH pacceslHHSI co CTeneHhIO JIOJIS!pHaaU,HH p P' onpeAeJieHHOA 
BaTCOHOM H PHtIMaHOM 31: 
p = 2-(' X(X + l)·sin B·cos B 
P X +cos26 
sin c.>0 
i+2x-2yxcx+1)cosc.>0 ' ( 63) 
·file - I <PP< I . .lleATOHbl, o6ycnoaJieHHble S-BOJIHOBott qaCTbIO ceqe-
HHSI, He o6na:UaIOT TaKOA IlOJIS!pHaautteA. 
Mb! em.~ He paccMaTpHBaJIH OTHOCHTeJibHYIO <1>aay aMJIJIHTY.ll .U.JISI 
pom.nemrn MeaoHOB B S-coCTOHHHH H B P-cocTOSIHHH. KoMnJieKCHhlA napa-
MeTp 81 .na~T OTHOIIIeHHe aMnJIHTY.U.hl S-B0.1Hbl (J =I) K aMrrmfTy.u.e 
P-BOJIIJbl (J = 2) MeaoHOB. A6cOJIIOTHaS1 BeJIH'lirna 81 onpe.neJIS1eTCS1 co-
-OTHOIIIeHHeM 
(64) 
a cpaaa 01 B IJaIIIH paccy>K.U.eIJHSI He BOIIIJia. 0Ha MO>KeT 6b1Th HaA.neHa 
nyTeM H3MepeH1UI yr JIOBOro pacnpe..QeJieHHSI peaKU.HH p + p -
-. 1t+ + D c nonS1pH30BaHHhlMH nporoHaMH HJIH nyTeM HaMepeHHH nOJISl-
ptt3allHH npoTOHOB B peaKU.l!H 'It++ D - p + P. nepBb!A 9KCIIepHMeHT' 
O'leBH.U.HO, npom.e. EcnH nyi:roK na.naIOW.HX npoTOHOB (neTHlllHX B Ha-
rrpaBJieHHH OCH z) xapaKTepHayercH CTerreHhIO nonS1pHaau.Hw P 1 no 
HarrpaBJieHHIO OCH X, TO yrnoBOe pacrrpe.neneHHe Me30HOB H .neATOIJOB 
JJ.aeTCSI cne.nyIOl!leA <!>opMy JIOtt 32; 
da10, ~ =::::: A+cos2 6 -P1 ·QA·sin9sin'1>, (65) 
436 M. FEJUJ-llAHH 'H K. Y. BATCOH 
r.!le 
1 2b Q=--= __ sin(lj>-'ti}, }"2 i+ bi . 
f)_\ 
(66J 
(67) 
H 
(69) 
Mhl npe.nnonaraeM, lJTO napaMeTi:;Ll He aasHCHT cymecTsenno OT sttepn111. 
ni:;n 910M ycJJCllHH cne.n.osaJIO 6bl O>f<HJl.8Tb, '110 B 10 BpeMH 1<81< I 31 i 
o6pa1HO Df0T.Of UHOH8Jl€H '1'/ f I<aK 910 BHJl.HO H3 (64)}, ¢asa 't1 npn· 
6JJJf3HTeJJbHO l:OC10S!HHa .ll.llH 1j "< 1. n.a.nee, napaMeTp acHMMeTpHH Q 
.llOCTHraeT csoeR M8KCHM8JlbHOR seJIHlJHHbl 
)f 2 2 •Sin{rf - 't1), 
1<or.11a 
1011=!00 + -v ~ , , (101 t 
HJIH, cornacno (64), Kor.11.a. 
_ "I /7 JI I --!-. I tn I~ 
'1'/-'lc== Y T. /go+ y +1 · (71) 
Mcr.oJILSYH (64), (66) H (71), nonylJHM sasucHMOCTb aCHMMeTpHH OT 
9HeprHH 
_Q_ = 2r,"'lc 2 • (72} 
Omax 11i+ '1/c 
8HefrHH, Il{:H K010fOtt aCHMMeTplSI M8KCHM8JlbHa, COOTBeTCTByeT 
"'le::::::; 0, 77 ttesaBHCHfiO OT seJIH'l.HHbl ¢asbl ro0• [ Mb! nMaraeM T = 
= 0,14 1{8K B (60) H HCr.oni-ayeM (62) .!I.Jiff ou-1 · MaKCHM8JibH8H seJIH· 
lJHHa I Q / 1:omeT MCHSl'ThCSI s npe.nenax OT 0 ,11.0 0, 71 B sasHCHMOCTH OT 
¢aahl if - 't1• EcJJH ebl STa ¢aaa nprno,11.nna K SHalJHTeJibHOR acHMMeTpHH, 
'TO H3YlJ€HHe pea1<uHR c f.OJISlfH3CB8HHblV.H Dj:OTOH8MH MOrJIO 6bl Jl.8Tb 
cse.lleHHSI o BKJia.ne S-BOJIHbl H cr.occ6c1BOBaJ10 6bl onpe.neneHHJO ¢aa *). 
«) Ope.ztBap111eJ1bHb!e peayJJbTaTbl MapmaJJJia )Ill<., MapmaJJJJa JI. H .11e-
}{apsaJ1hIO ('laCThoe coo6mem1e) yKaablBalOT Ha o'leHb Many10 acHMMe1p1110 
( Q = 4 ± 6 npon.eHTOB) npH 1l = I; ipaaa 4 - 't1 )lom1rna 6b1Tb 011eHb Manoi\. 
H, CJieJJ.OBaTeJJbHO, TaKHM nyri!M HeJib3Si CJJ,eJJaTb on.eHKH BKJJaJJ,a S-BOJIHbl. 
I 
I 
B3AHMOJJ.~'CTBHE ~-MEaOHOB C HYKnOHAMH 437 
OnpeJJ.eneH(fe <Pas· •wt. cyIU.ecTBeHHO) TaK KaK oae Teclfo. csgaaHbl 
GO c.naHraMH <Paa pacceRHHsr npoTOHa Ha npoTOHe. MLl asene: 
~i = I a; 1e1~.. (67) 
(73) 
.MomHo noKaaaTb, 'ITO 'B6nH3H nopora po>K11eHHS1 1t·Me30Ha 't1 H 'tn 
'MOryT OblTb Bblpa>KeHbl 'lepea <Pa3bl P- P-pacceSIHHSI a (1S0), a (1D2) 
!H a(3P1) c nOMOU(bIO COOTHOllleHHA (r.n:e n H n' - u.em.ie 'IHCna): 
(74) 
11 
(75) 
<f>opMyJibl (74) H (75) nonyqaioTCSI Ra coo6pamemdt, attanorH'IHhlx 
MCilOJI1,3yeMblM B JI.ononHeHHH Jl.JISI onpeJJ.eJieHHR ¢aa MaTpH'IHblX ~me­
·MeHTOB <floTOJXUKlleHHSl 1Mfe30ff08 'lepes q,asoBble C.O.BHI'H pacceRHHR 
:Me30HOB Ha HYKJIOHax. <f>opMyJibl (74) H (75) TepsuoT CHJIY npH 9Hep-
TH!IX, D.JISI KOTOpblX HMeeTCSI aaMeTHoe ynpyroe HJIH Heynpyroe pac-
oCeSIHHe Meaouos Ha JJ.eATonax. Ecnn xapaKTep TaKoro paccesrttHsr 
j)biSICHeH, TO <floPMYJlbl (74) H (75) MO>KHO COOTBeTCTBeHHO acnpaBHTb. 
Tenepb nepeAJJ.1!.M OT npou.ecca po>KJJ.eHHSI Meaona c ·o6pasoaannew 
..neDTOHa K COOTBeTCTBytOIU.eA peaKU.HH, B KOTOpoA JI.Ba KOHe'IHl>IX HYKJIO-
Ha OK33blB8IOTCSI HeCBSl38HHhlMH; B . 0003Ha'leHHSIX ( 42) Mhl nepeXOJl.HM 
-OT aw K OJO"· l<oHe'IHble HJKJIOHhl CflOBa HMeIOT I =-0 H OTHOCHTeJib-
11blA op6HT3JlbHhlD MOMeHT, paBHblA HYJIIO; OHR ijaXOJl.SITCSI B 3S~-COCTOH­
flHH, KaK H nyKnOHbl JJ.eDTona. TaK me, Kai< e cnyqae JJ.eATOHa 
\fl03MOmHhl TPH npou.ecca: · 
(a") 2N (3P 1)-2N(3_S1)±Mesou B. S-cocrosiHHH, 
(b") 2N(1D2)-2N{3S1)+MeaoH a P-cocTORHHH, 
(c") 2N (1S 0)-+ 2N (3S1~ +Meson B P-cocTOSIHHH. 
MOlKHO npeD.IlOJIO>KKTb, B COOTBeTCTBHH c npHHRTOD TO'IKOD ape-
•HHSI, 'ITO OCHOBHOD MaTpH'IHhlA 9JleMeHT .0.JIR K3)J{.ll.Of0 . H3 9TH:it 
npou.eccoa npH 33.ll.3HHOM HMnynbCe Me30Ha cna6o aaBHCHT OT 9HeprnH 
'HOHelfHbIX HYKJIOHOB, H ero MO>KHO C'IHTaTb npRMeptto nocTORHHblM 
·a paccMaTpHsaeMOM HHTepsane 9Heprnn. B 9TOM CMblcne MO)f{HO C'IKTaTb, 
''ITO MaTpH'IHbllt sneMeHT .llJIR nrou.ecca (a") JI.OJI>KeH OblTb T3KHM me, 
KaK .11.nH (a') npH TOM >Ke HMnynhce MeaoHa .• u T. JI.. Tor.11.a HS nony-
sMnHpH'leC1<0R QlOPMYJibl .11.JISI 010' MOlKHO nonylfHTb BeJIH'IHHY 0)0" H 9Hep-
reTHl/eCKHlt cnexTp Me30HOB, o6pa3oBaBUIHXCSI B <peaKU.HH c HeCBR3aHHhIM 
<OCTOHHReM>. E.n.HHCTBeHHble QiaKTop1>1, KOTOp1>1e HY>KHO y'leCTh, 9TO 
nJioTHOCTh KOHe'IHhlX COCTOHHHA u 94><t>eKT saaHM0.11.eACTBHH HYKJIOHOB. 
'8 KOHel/HOM COCTOSlHHH. 
nycn 9Heprusr Hani?TAIOIUlfX lJaCTHU T8KOB8, lfTO nOMlalr klUfeTll· 
'leCKaH 9HeprH11 '18CTHU B OICTeMe UettTp& HHef>UHH noc.ne tO}'.UPEHlfR 
paBHa T 0• tiacTh eG T = p.c2(Y1 + "l~ - 1) yuoCHT Meaou H 'laC'rL 
E =Tu - T H.ll!T Ha OTHOCHTenhHOe .llBH>KeHHe CHCTeMbl .n.syx uy1rno-
HOB (npeHe6peraH OT.lla'leA STOA CHCTeMbl). JlH<fi<fJepeuuHa.ilbHOe C€'1€Hl!e 
JJ.nH « peaKUHH c HECBSl38HHhlM COC'fOHHHeM > aanHWeTCH 23 B BH.n.e: 
d ( + r:i a) Pe·dE Io/ (R) 1
2 
aw= tx'1j 1'11 -1- . I 'lio (R)I'' (76} 
fJJ.e tx"l + ~"fj, eCTb ce'!eHHe po>K.n.eHHH M€30HOB, HMeIOW.HX TOT >Ke 
HMilYJibC 'Jj, J<OTOphlA nonyqaeTCH npH o6paaOBaHHH .n.eATona; pet(E -
0-TtlOWenne t!HCJl8 KOHe'!HblX COCTOHHHA B peaKUHHX <C HeCBH38HHIDt 
COCTOHHHeM> H «CO CBSl38HHblM COCTOHHHeM>; I~~ (~Jj, eCTb OTHOW€Hlle 
KBa.D.paTOB BOJIHOBblX cJ>YHKU.HA B KOAe'IHOM COCTOHHHH .llBYX HYJ<JIOHOa 
iipM KpHTHtteCKOM paCCTOmHH JJ.JISI J:O>K.neHHSI MeaoHOB. nocneJJ.HHA <fl8I<TOp 
Bbtp8>K8eT scfr<l>eKT ysenH'l€HHSI Ce'leHHSI pO>K}leHHH MeJ()Ha, OOYCJIOBJICll• 
ilbtA CHnaMH npHTH:iKeHHH Me>K.n.y HyKnOH8MH B . KOHe'IHOM COCTOHHHH •. 
ECJIH npHHHTb npccTylO Mo.11.en& c nyneBblM pam1ycoM JI.eAcTBHH H.11epHblX 
CHJI B 3$ 1• COCTOHHHH C JI.JIHHOA pacceHHHSI a, Bblpa>KaJOW.eACH 'lepea 
sueprHJO CBHSH .11eATOHa B <f>opMynoR 
f;,2 
8= Ma2' 
Ii eCJJH nssrTb R :::::::: 0, TO nonyCJHTCH 
I o/({?) ,, _ . 21taf;.2 o/D(R) - M(B+E)V' 
rJI.e V -· HOpMHpOBO'IHbIA C6o!.M. JlJJOTHOCTb COCTOHHHA 
M,YJIOA 
v 3 l 
Pe= (21tf;,)3 ·21tM2.£2. 
(77} 
(78) 
.n.aGTCH <f>op-
'{79} 
(80) 
B TO BpeMH K8K Ce'!€HHe o6pa30B8HHH ,lleATOHa npH T.ex >Ke sueprnsrx 
HaneTaJOW.HX '18CTHU HMeeT BM.II. 
(81) 
rJI.e "lo,__ HMnynbC Mesona, 06pasy10w.erocjl BMecTe c JJ.eATOHOM, Bblpa-
)f(eHHbIA B e.11HHHl.(8X p.c. 
B3AHM0.11EftCTBH£ 1"·M~30HOB C HYKJIOHAMH 
. J1HTerpnposa1me no sHepreTnqecKoMy cneKTpy MeaOHOB (80) K Hcnon&-
.kbsaHHe (81) .aa~T BeJIHtfHHY OTHOWCHHSJ 
KOTopasi npe.acTaeneua B Ta6mn.{e VIII s aasHCHMOCTH oT sfleprHM 60M-
6ap.o.npy10IUHX qacTHU. 
BenH- ITpeJJ.-l13Mepea- CK833H-
Ha!! quaa OT- HOe-Home-BeJIH11HHa: · HHll *) OTHO-rueHHe 
20 
20 
a10 (P + P) 40±30 21 
cr10 (P + P) 40±30 28 
cr10 (P + P) 55±30 29 
O' " 
_l!!_(N +P) 60±15 
alO 
32 
cr10. (P + P) 73±40 36 
3Hep-
rHll Ha-
JJeraw-
UUIX 
qaC:rHI.{ 
B M38 
341 
341 
345 
365 
381 
400 
440 
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*) OrHomeaHe yKa3aHo .e npol.{eHTax. 
lfro6bl HaliTH 9KCnepJit!CHT8JlbHbllt cneKTP Me30HOB H seJUJqJIHY 
0'10" 
, Heo6xO.llHMO HCCJie.llOBaTb peaKUHIO P + P - 'It++ N + P 
0'10 . 
HJIR N + P - 'Ito+ N + P R npRHSITb so BHHMaH11e, qTO cetieHHe JJ.JISI 
nepsoft peaKUHH paBHQ alO +all, a He npOCTO 01011 H P,JISI BTOpofi 
M •. f'.EJIJl-MAHH H.-K• M. BATCOH 
. alO"' . · aoi · a10• 
peaKUHH paBHO - 2- +2 , a ue npocTo - 2-. K cqacTb10, · H 011 
ll a111 MaJlbl B HaweR 06J1aCTH 9HeprnR (CM. HMlKe ); n09TOMy B Ta6ni1!' 
u.e VIII 9KcnepHMeHTaJI&Hble sHa'leHHSI OTHOWeHHR HY>KHO ucnpaBHti., 
He 6onee 'leM ua 10 % • B Tex cnyqasix, xor .a.a uaMepsinacb eeJIH'IHHa a 10, 
alO" 
.a He --- ' TO nocne.u.HHH Bbl'IHCJIHJl3Cb c HCnOJlb30B3HHeM nony9MOH· 
a,o 
pH'leCKOR <JiopMyJibl (60) JlJIH alO'. CornacHe Me>K.n.y HSMepeHHblMH H Bbl· 
11HCJieHHblMH OTHOWeHHHMH xopornee, HO npe.U.CK33blB3eMble BeJIJ111HHh( 
-06bltiHO MeH1>we, ecnn TOJlbKO 60JJbWHe 9KCnep1rneHT8JlbHble Ol1JH6KH 
.u.onycK&IOT TaKoe 38KJllO'leHHe. 
Pesyn&TaTbl HSMepe1rnR Henp~pblBHoro MeSOHHoro cneKTpa, Jl&BaeMoro 
ct>opMyr.oR (72), He,llOCT3TO'IHO T<)'IHbl, 'IT06bl HMeJIO CMblCJI cpaBHJIBaTi. 
HX c TeopHeR. Bo BOIKOM cny•iae OHH He npOTHBopeqaT TeopHH SIBHO. 
BMecTe c TeM cyw.ecTByIOW.HR 9KcnepHMeHT3JibHblR MaTepna JI no peaK· 
llHSIM, Jl310lll.HM HenpepblBHblR cneKTp, He HCKJIIO'laeT B03MO>K HOCTb Toro, 
CITO ttyKnOHbl ocTaIOTCH B P-cocTOBHHH B aHa'IHTen1>HOR .a.one oT o6mero 
CJHCJI3 cnyqaes po>K.u.eHHH MeSOHOB (no KpaRHeR Mepe B sepxHeR '13CTH 
paccMaTpHsaeMoro suepreTu'lecKoro HHTepeana). HaH6onee eepoHTHblMH 
HS 9THX npoueccos, noBH.U.HMOMy' HBJIHIOTCR Te, B KOTOphlX Me30H 
11cnycKaeTCS1 B P-cocTOHHHH: 
2N (3 po)- 2N (1p1) + MeSOH B P-cocTO. HHHH, l 
2N(3P 1)-2N(1P1) +Meson ~B P-cotTORHHH, 
2N(3PJ-2N(1PJ+MeaoH B P-cocTOHHHH, ,. 
2N(' F2)-2N(1P1)+MeaoH B P-cocTOHHHH • 
(82) 
.nm1 T3KHX peaKUHR ce'leHHe ·Ha e.u.HHHUY 9Heprnn. nponopUHOH8JlbHO 
3 
713£ T H He ORHCblBaeTCSI (80), eCJIH B H~M npeae6pe'lb 9<jxlleKTOM si.u.epHblX 
.cnn B KOHe'IHOM cocTOHHHH. (flpnpoJJ.a HJJ.epHblX CHJI B P-cocTOHHHH 
He O'leHb nOHJITa, HO OHH, BepoHTHO, OTHOCHTeJibHO CJI86b1). flpH Tex 
1Ke C3MblX npe.n.nono>KeHHHX OOJIH3ll <l>YHKUHH sos6y>KJJ.eHHll .u..r:1 peaKUHA 
(82) Jl0Jl>KH8 6b1Tb nponopUHOH3JlbHOR 71:!iax• rJle 'Y/max - M3KCHM3JlbH3SI 
.SeJIH'IHH8 11 JlJIH .U.3HHOR 9HeprHH HaJieTaIOllJ,HX '13CTHU,. 
Jlo cnx nop Mbl Hi;:cne.u.osann TOJI&KO npouecc I = 1 - I = 0. Pac· 
.CMoTpHM cne.n.yiow.HR · npou.ecc I = 1 -+ I = 1, KOTOp1i1R' nonuocTblO 
DKJllO'laeT peaKUHIO p + p - p + p + 'lt0 • B npouecce, KOTOpb!R Mbl 
Hayqann .u.o cnx nop, npeo6naJJ.ann cny'lan, xor JJ.a MeaoH ncnycKaJICH 
B P-cocTOHHHH H HyKJJOHhl ocTaBaJIHCb B S-cOCTOHHHH. B paccMaTpH13ae· 
MOM npou.ecce I = 1 ~ I= 1 '9TO sanpew.eHo. EcnH uyKJIOHbl ocTaIOTCH 
B S-cocTOHHHH, TO 9TO MO>KeT 6b1Tb TOJlbKO CHHrneT. CneJJ.OBaTeJI&HO, 
JlJJH Toro 'IT06bl Meaofi ncnycKancsi B P-cocTOHHHe, nonHblR MoMeHT 
Jl.OJI>KeH 6b1Tb paeeH 1 H 'l~THOCTb CHCTeMbl .U.OJl>KHa 6b1Tb nOJIO>KHTeJJb· 
lfOR. 0.u.HaKO H8'13JlbHble .COCTOHHHH noJIO>KHTeJibHOR '115THOCTH cyTb 
441-
isn, l D2, 10 4 u t. n., n HH 0.11.HO ua HHX He HMeeT MOMeHTa, paenoro 
e,ll.HHHUe. 
· E.11.hHCTBeHttblM paapelll~HHblM npoueccov, B I<OTOpQM 1<0Heqttble 
f:IYKJ!OHbI ttaxo.11.siTCSI B S-coc1osimrn; S1BJIS1e1csi 
(d) 2N (3 P 0) -+ 2N (1S0) + Mt:SOH B S-cOCTOSIHIH~. 
flfOUfCC (d) XapaI<TepM3yeTCSI, KOHeqHO, H30Tp0IlHb'.M YrJIOBb!M pacnpe-
.neJJeHHfM. Y nopora ceqeHHe tta e.1urn11uy 9ttepnrn .n.om1rno HMeTb BHll. 
1 
da11 (npouecc(d)) _ t ET 
dE . -coas 1J E+B'. (83) 
3Tu cco1Bt:TCTeyeT Toft qacrn ¢opMJJrbr (80), I<OTopasr onHCb!BaeT S-co-
cTCSIHHe, np1q1<.M 9tteprm1 ciisra11 B .11.ttlTGHa aaMrnrna 9ttei:;rnttt B' BHpTyanb-
ttoro YJ:-CBHSI 1S 0 .11syx Httlrr;oHcB. Ta1< I<aK B' oqrnb Ma11a (:::::::: 60 Kae), 
Mhl 016iornM ee. Tor.11.a IlOJIHOe ceqrn11e y nor;ora 6y.11.eT HMeTb BH.11.: 
a11 (nrouecc (d))=CO!lSf'YJ~ax· (84) 
l{aK H B CJJyqae OJO", He CJJe.nyeT npem:6peraTb BC3MO)f{HCCTblO Toro, 'lTO 
ttyKJICHhl MoryT oc1aaaTbCS1 B P-ccc1rntt11n. 310 B oco6eHHOcTn or-
11ornrcsi K ·011 , Tai< Kai< npouecc, 11.a10rn.11tt OCHOBHOfi BKJia.11. B 010'' 
(MESOHhI ncr.yc1<a101rn B P-coc10S1HHe, tty1<JJOHh1 ocTaIOTCll B S-cocrosi-
rnrn), He 11.aer EHKWOro BKJl311.3 B 011· ECJIH KOHe'lHOe COCTOSIHMe 
ttyK.r:oHc B f c1 h P-cc c10mrne 11 MtSOHbI 1"Cnyc1<a10rcsi B P-cocrosm11e, 
10 MMelOTCSI CJJe.nyIOllJ.He B03MC)f{Hble Tit:OUeCCbI, 3H3JIOfHqffble (82): 
2N (3P0)- 2N (3P;) + Mrnoil B P-cocTOsimm, \ 
2N (2P 1)-+ 2N ('P0) + ME3CH B P-CCCTOSIHHH, 1
1 2N (3P1) - 2N (2P1) + Mesott s P-coc1osi1rnH, 
2N ('P1)- 2N (3P2) + MEaott B P-cccTOSJHHn, 
2N ( P 2)- 2N (2P~) + Meaott B P-coc1osiH1111, (85) 
2N (3P2) -.2N <3P2) + ME30H B P-CCCTOSIHMM, 
2N (3P2)- 2N eP1) + M€3CH B P-cCCTOSIHMH, 
2N (3P2)- 2N (2P2) + M€30H B P-COCTOSIHHH, 
2N (3P3) - 2N (3P2) + Mesott B P-ccc10S1HHH. 
,U.r,si 9TMX nr;'ol!ECCOB, Kc:K M ,ll.1'.SI IIJC'UECCOB, nepeqHcJJeHHblX B (82), 
CtlJlHHe Ha e.nm.11'lHbJI 9H€f ft T hlJ(CKJl.it 11HTcpBaJI npcr.oru1mH8JlbHO 
3 . 
74 3ET H ro.r:E~e ce'lettMe nror.oru11ottaJJbHO 'Yl~ax· B TO BpeMSI KaK B· cJJy-
'lae Oto'' 'lJieH 'Yl~ax B fOJJHOM CtlJEHIJH He 6blJI BblSIBJieH 91<cnepHM€H". 
T2J:hEO (OH, O'lCBJlll.FO, r.011.rnJJEH rpw6JJa)l810lUJiMM ni:oueccal'frn), TO. 
B CJiyqae On HM(JO'ICSI y6e11.HT€JlbHble 9KCnepH:.M~HTaf!bHhle. cctt9samrn 
.ll.Jisi cymecTBOBaHHSJ srnro q11rna. Pea1<UHSI f + P. - ,r.:0 + P + P 6bIJI3., 
5 Y<tiH, T. LIX, Bbln, 3 
442 M. rEJIJI·MAHH H ff •. M. BATCOH 
Hcc;ne.11.oilaHa MaTepoM H MapTHHeJIJIH 33 npH 9HeprnH 341 Mao ('1/max""' 
= 0,66), a TaK)l{e MapwannoM D.)I{. H MapwaJIJIOM Jl. 34 npH s11epn111 
440 Mas ( '1/max = 1, I I). J3eJIH'IHHbI nOJIHblX cetJeHHA nonytJHJIHCb paB-
HhlMH COOTBeTCTBeHHO (0,010 + 0,003) .M(j H (0,45 + 0, 15) .M6. ElTH 
peay Jib Ta Tb! cornacylOTCSI co CTeneHHblM 33KOHOM 
(86) 
B (86) Mbl cosepweHHO HrnopHposanH npouecc ( d), B I<OTopoM HYKJIO· 
Hbl OCTalOTCSI B S-cocTOSIHHH H cetJem1e H3MeHsiercsi 1<a1< r1~ax· KaK Mhl 
YBH.D.HM HH)l{e, sepOSITHO, HeJib3SI C'IHTaTb, tJTO 9TOT npouecc OTcyrc1• 
syeT. 0.11.HaKO OH 6y.neT .n.aBaTb cymecTBCHHblA BKJ!a.D. B nOJJHOe ceqe. 
HHe TOlbKO npH MaJiblX 9Heprnsix, r .ne cetJeHHe 04eHb MaJJO H H3Mepe-
HHSI Tpy.D.Hbl. 
TiepeA.neM I< peaKUHH I= 0-1 = 1. B Ta1<0A peaKUHH, Kor.na 
HYKJIOHbI ocTaioTcsi B S-cocTositt1111, e.11.11HCTBeHHh1M11 B03MO>KHhIMH npo-
ueccaMH 6y .nyr 
(e) 
-{f) 
2N (3S 1) -. 2N (1S0) + MC30H B P-COCTOSIHHH H 
2N (3D1) - 2N (1S0) + MeaoH B P-cocTOSIHHH. 
D.m1 9THX npomccos cJJe.nyeT O)l{H.ll3Th, lJTO y nopora cetJem1e Ha 
C.D.HHH'IHblA HHTepBaJI 9HeprHH HMeeT BM.II. 
1 
dcr01 (npouecCbl (e) H (f)) _ t 3 E 2 dE - cons ri E + B' (87) 
I<a1< B (83), a.necb MO)l{HO onycTHTb B', H MbI noJJy'laeM cne.nyromHR 
aaI<OH H3Mettemrn CC'lCHHSI: 
001 (npoueccbl (e) H (f)) = 1'1/~ax. (88) 
EcnH KOHetJHb:e HJKJJOHhI Haxo.nsircsi B P-cocTOSIHHH H MeaoHbI 11cny· 
CI<alOTCSI B P-COCTOSIHHe, TO HMCIOTCSI cne.nytoIUHe B03MO)l{HOCTH: 
2N (1 P 1) - 2N (3P 0) + MeaoH B P-cocTOSIHHH, } 
2N (1 P 1) - 2N (3P 1) + MeaoH. B P-cocrosiHHH, 
2N (1P1)- 2N (3P 2) + MeaoH B P-cocTOSIHHH, 
2N(lF3)-2N(3P 2)+Me30H B P-cocTOSIHHH, 
(89) 
D.nsi 9THX peaKUHtl, KaK 06bllJHO, cne.nyeT O>KH.D.3Tb, lJTO celJeHHe 6y.D.eT 
nponopuHoHaJJhHO ~~ax· 
I< coJKaneHHIO, 001 HaMepetto TOJJbKO .D.JJSI o.nttoA 9HeprHH. H3 <Pol'" 
MYJihl (42) BH.D.HO, 'ITO Oor BCer.11.a H3MCpSIE.TCR B KOM6HHaUHH c aw 
B3AHM0ll.Et\CTBHB 7t•ME30HOB C HYKROHAMH 44i 
HJIH c an. .UettCTBHTeJJbHO:· 
a(N+P---1t++N+N) = o (N+P---1t-+P+P)= 
1 I 
=2011+2001 (90) 
II 
+ 1 I a (N+P--.1t 0 N+P) = yo10"+ 2 a01. (91) 
JioJJHOe cei1eHHe npouecca N + p __. 7t+ + N + N (HJrn N + P _,; + 
+P+P) .ll,JISI 405 Ma8 ("fl =0,915) 6bIJIO l13Mepetto ito.nxoM 35 , KOTOpbIA 
ttarneJJ ce'letttte (0,22 ± 0,07) .u6 (cM. TaK)l{e 36). ECJJH Terrepb oueHHTb a 11 
np1 9TOfi 9Heprn11 rryTeM HHTepnom1u1n1 ¢opMyJJh1 rnna (86), H aaTeM 
113 (90) HatlTH 001• TO .ll,JISI 001 rrpH '"fj = 0,915 Mbl IJOJJY'lHM B K31JeCTBe 
rpycott outHKH seJJH'lHHY 0,3 .M6. HeCMOTpSI Ha B03MO)l{Hbie 60JJbrn11e 
owtt6KH, KOTOpbie CJJe.nyeT rrpHIIHC3Tb 9TOfi BeJUl'llrne (jul• ee M3JIOCTb 
no cpasttemuo c BeJIH'lHHOfi 010" rrpH Toti )l{e caMofi 9HeprnH ( 010" ~ 1 .M6) 
O'leBH,ll,Ha. 
flOCKOJlbKY H3M HeH3BeCTHO Col npH .npyrnx 9Heprnsix, TO Mb! 
He MO)l{eM rrpoBefl11 b, SIBJISIIOTCSI JIH rrpouecCbl ( e) H ( f) .llOMHHHpyio-: 
ll.\HMH npou.eccaM11 B (89). DpenrroJJC'>KHM, o.nttaKo, 'ITO KOHelJHbie HYKJJOHhI 
npeHMYlllECTBeHHO IIOSIBJU!.IOTCSI B S-COCTOSIHHH; ll 9TOM CJJy'lae KOHCT3HT3 
B ¢opMyne (88) pastta 
'(;:::::: 0,5 .M6. . (92) 
Cne.nyeT 33MeTHTb, IJTO CCOTHOWeHHSI . (90) H (91) OTHOCSITCSl K IIOJJ-
HbIM ceyemrnM. B cnyqae peaKU.HH (91) rnrroTeaa aapsi.noBofi tteaaBHCH-
MOCTtt ,lleJJaeT HeB03MO)l{HOfi 11HTepcpepeHI.{HIO COCTOSIHl1fi c .llBYMSI paa-
Jlll'lHh!MH H30TOIIH'leCKl1M1' cmrnaMH, TI09T0MY TIO.ll06HaSI cjlopMyJJa 
cnpaBe.llJJHBa H .llJISI .lll1(jlcpepettu11aJJbHb1X ce1Jett11fi. Eonee Toro, B yr JIOBOM 
pacnpe.lleJJett1111 OTCyTcTByeT aC11MMeTpttS1 Brrepe.ll-Haaa.ll. (flptt .ll3P.HOM 
COCTOSIHHH H30TOIJH'leCKOrO CIIHHa HEfiTpOH H rrpo'toH Be.llyT ce6si K3K 
Hepa3JJHIJHMbie 'l3CTl1Ubl.) 0.llH3KO B peaKUHH, OIJI1Ch1BaeMofi (90), HHTep-
<jlepeHUHSI Me)l{JlY .llBYMSI rrpoueccaMH B03MO>KHa H . MO)l{eT rrpHBeCTH 
K acnMMeTp11n Brrepe.n,-ttaaa.n.. . 
Yrnol!oe pacrrpe.lleJJetttte peaKUHH N + p_,tt-+ P + P 6blJJO 11cCJ1e-
.nosaHo 110.IlXOM 35 H PattTOM c WnyTepoM 26• B 11x pa6oTax 
6b1Jia o6ttapy>Ketta acHMMeTpH!I Brrepe.n-Haaa.ll. EcnH B peaKUHH, 
I = 0--. I = 1 KOHe'lHbie ttyKJJOHhI ttaXO.IlSITCSI rnaBHhIM o6paaoM, 
B S-cocTOSIHHH, TO .11.nsi o6paaoBamrn TaKo" HHTepcpepEHUHH ttE06--
xo.nnMo, 'lTC6bI 9TO HMeJJO MeCTO XOTSI 6b! 'l3CTI14HO H ,llJISI peaKl . .{Htt, 
I= 1-. I= I. TaKHM o6paaoM, rrpouecc (d), rroBH.ll.HMOMy, 11;L1.eT 
c 33Mernott BepOSITHOCTblO. 0)1.H3KO Ha OCHOB3HHH cymeCTBYIOlll.liX: 
SKcrrep11MeHT8JlbHbIX cpaKTOB Tpy .IJ.HO C)leJI3Th. K3KHC-JJH60 KOJIH'{ecrseHHWe) 
33KJII{)'leHHSI, : ; J 
~* 
• 
M. r£JUl•MAHH H K. M. BATCOH 
Tenepb no.11se.111!M HTOr 9KCnepHMeHT8nbHblM .ll8HHblM B CBeTe pac. 
c~oTpeHHOR HHTepnpeTaU.HH. BblHCHHeTCH, lfTO po>K.lleHHe MeaOHOB c Ma • 
.llblMH slieprHHMH HMeeT cne.11y10mHe csoltcTea: · 
· Cnyqalt, Kor.11a KOHelfHble ttyJ<nOHbl naxO.llHTCH e S-cocToamrn: 
I = I --+ I = 0: MHoro Me30HOB po>K.11aeTCH B P-cocTOHHHH H 1i1a110 
B S-cocTOHHHH. Yrnosoe pacnpe.11eneHHe, o6yCJioenett-
Hoe P-soni:iott, HMeeT BH.11. ~ 0, I + cos2 9; 
I= 0-+ I= 1: po>K.11eHHe MeaoHa B P-cocTOHHHH ManoeepoHTHO, e S-
COCTOHHHH - aanpemeHo; 
I= 1 --+I= 1: po>K.11eHHe MeaoHa B P-cocTOHHHH aanpemeHo, s S-co. 
CTOHHHH-ManoeepoHTHO. 
Cnyqatt, Kor.11a KOHe'lttble HYKJIOHbl H3XOJJ.HTCH B P-cocTOHHJ.rn: 
Eho cocTOSIHHe npHXO.!HITCH npHeneKaTb TOJJbKO B cnyqae I= I~ 
:-+ I = 1. Ero ponb He oco6eHHO sicHa. 
B HaCTOil:Ilee RpeMH HMeeTCH qeTblpe 9KcnepHMeHT3JlbHO onpe.nenue-
Mble BeJIHlfHHbl, KOTOpble .U.On>KHhl npe.nCK33blB3TbCSI TeopHett, BblXO.nsuueR 
aa paMKH npoCTblX coo6ra>KeHHtt' HCDOJlb30B3HHblX BblWe: 
(A) 0THOWeHHe BKna.noe S- H P-eOJJH npH po>K.neHHH MeaoHos 
B peaKU.HH I = I - I= 0. 
GI 1 [ 1""......., 1 c¥. cpopMyJihl (45), (53), (55) " (58)) . 
(B) napaMt:Tp yrnoeoro pacnpe.neneHHSI B peaKU.HH I= 1 -1 =0. 
x"" 0, 1 [cM. ¢opMyJlbl (55) H (59)). 
(C) 0THOWeHHe BKna.na P-eoJJHbl npw po>K,neHHH Meaotta e peaKUHH 
I = 0 - I = 1 K BKJJa.ny P-BOJJHbl e. peaKllHH I = 1 - I = 0. 
:. ~ ,,.; 0,3 (cM. oCcy)f{.U.t:HHe, npe.o.wecTBylOllJ.ee ¢opMyne (92)) . 
. 
0 tO" 
(D) A6cor.10rnaH eenHtiv.Ha cetieHHH po>K.a.eHHH MeaoHa 
~ "' 1 JJ6 (CM. ¢opMy Jlbl (55) H (58)). 
EcnH Mbl nonh!TaeMcH npe.ncKaaaTb STH tiHcna Ha ocHOBaHHH ncee.110· 
(KansipHOtt M€30HHOR TOOpHH, TO Mbl YBlt.llltM, lJTO tieTB!!pToe H3 HHX 
Hrnocpe.llCTB€HHO CBi133HO c KOHCT3HTOA 833HMO.llettcTBHSI, T. e. c .lleTa· 
JIHMH TOOpHH 37. TpH .11pyrnx To>Ke cliH33Hbl c .n.eTaJJHMH Teopmi, O.llHSKO 
HX MO>KHO .ll.OBOJlbHO npOCTO OCMblCJIHTb. 
4TO KacaeTCH (A), TO BO BB~.ll€HHH OTMetianOCb, •no nceB.llOCK8JlllJl" 
Hble Me30Hbl .llOJJ>KHbl CHJJbHO eaaHM6.11eltcTBOBaTb c HJKJJOHaMH B P-co· 
C'FOHHHH, B TO epeMH KaK eaaHMo.11eltcTa11e B S-cocTOfiHHH no ceoeA i 
npHpo.11e SIBnHeTCSI nonpaBKOlt Ha OT.llalfy • .ll.JJH pO>K.lleHHSI Me30H3. y no· 1 
18AHMQAEJ1CTBHE ~-M~SOHOB C HYKnOHAMH 445 
pora OCHOBHOA MaTpH'IHbdt sneJreHT .ll.JISI ncnycKaHHSI ncee.11.0CKaJISlpHoro 
J,1esotta e P-cocTOHHHH nponopuHoHaneH (ok), r.n.e a - cnntt HYKJIOHa 
or.ziairn H k = p.V - ni.tnynbc MeaoHa. Ecnn eeecTH nonpae1<y 8 a nen-
11<eHHe ttyxnoHa, TO HY>KHO aaMeHHTb v ua v - (v)n, r .n.e (v),, ecn~ 
cpe.nttee aHa'feHHe Ha'faJibHblX H KOHt'fHblX CKoi:ocTeA HYKJIOHa. (OpHHi 
uHn HHB3pHaHTHOCTH O'THCCHTeJlbHO rannneeeCKHX npeo6paaoeaunA KOO~ 
,llHH3T Tpe6yeT, 'fT06bl MaTpH'IHble 9JieMeHTbl aaBHCeJIH OT OTHOCHTeJib• 
HblX, a He OT a6coJIIOTHblX CI<OpOcTeA.) .llanee, KOHe'IHaSI CKOpocTb 
HyKJIOHa 6JIH3Ka K uymo, B TO epeMSI KaK Ha'laJibHaSI Vo (e CHCTeMe 
ueHTpa HHepunn) y.n.oeneTBopHeT COOTHOWeHHIO . 
(93) 
raK KaK KHHeTH'fecKaH 9Hepnrn cTanK11ea10m11xrn HYKJIOHOB npec6pa-
3yerrn e sm:prmo r.OKCSI l.H.aoEa. TanM c 6pacM, ncnpeKa tta OTJJ.atJy 
.no6aBJISleT K lJJieHy (ok) (npe.ncn:BJlSJl(jlUtMy J:O>K.lleHHe M€30Ha B 
P-cocTOHHHH) tJneu .- {a i-;o ), npe.11.cTaenHJOIUHA po>K.n.ettne Meaoua e 
S-cocTOHHHH, H OTHoweHHe HHTeHCHBHOcTeA HMeeT nopsi.11.oK eeJIHlJHHbl 
p.2v2 I 
__ o = L _, KOTopasi .non>KHa npHMepHO COOTBETCTBOBaTb _.!:._ • OT:.. 
4k2 4M r? ~r1' 
c10.na en.a.Ho, tJTO T .nomKHO HMeTb riopsi.n.oK ~ • Eho 
m1e no.n.TBep>K.naeTCH pactJ~TaMH no Me3CHHOA T€0pHH. 
llTO >Ke KacaeTCSI (B) H (C), TO o61>SJCHeHHe MaJIOCTH ~ 
a10• 
33KJIJOlJe-
aocrn X K 1/3 (oHa Morna 6h1, e npHHt:Hne, Y.ME'Ib mo6ce aP.atJettne 
MeiK.ny 0 H ool) ObIJJO npe.11..r.o>KeHO 3ATKeEoM H .11.p. 37. Oun 11cr.OJibSCBaJIH 
10, lJ'IO MOK.ll.Y ME30HCM H HyK.r.OHOM HMet'ICSI CHJibHOe npH'ISl>KeHHe B 
COCTOSIHHH <3/2, 3/2). paccMaTpHB3BllleecH B npe.n.bl.U.YlUHX paa.n.enax. OcHCB-
HaSI H.11€SI 33KJIJOlJaJJaCb B TOM, lJ'IO 910 CHJlbHOe npH'ISl)l{€HV.e M€)KJl.Y 
7r-Mf30HCM H O.D.HHM V.3 HJK.WHOB B COC'ICSlflHH ( 3/2, 3/2) yee.r.HlJHBaeT 
M3'Ip11l!EhIA 9JJ€MeHT nerexc.n.a B 9TO CCCTCSIHHe. (00.llCCHbIM )Ke c6pa., 
aoM MbI EH.lleJIH, 1110 HYKJICH·HYKJJCHHbie CHJJbl yeeJJHlJHBaJOT cetJeHHH 
pEaI<Uf';A, e KOTOpblx · KOEe'IHble HJKJ:OHbl ttaxo.n.HTCH e S-cccTOHHHH.) 
.llaJiee Y.M€JO'ICSI lJ€TblJ:e ll}:OllHCa, l<O'ICfbie .n.aJOT BI<Jia.n. B CflJtHY.SI 
poiK.nrnHH MEatua B P-coc1osi1-:11H (np11l!eM HYKJJOEbl ocu101csi e HECBH" 
aaHHOM S-cccTOHHHH); Mbl c6oaua1111nH HX (b"), (c"), (e) H (f). Ha HHX 
(b") H (c") .113JOT BKJl3ll B Oto", B TO BpeMH KaK (e) H (f) .11.a10T BKJia.n. 
B 001 • CTfOUECCbl (e) H (f) ue MoryT 6bl'Ib ycnnrnhl s¢¢eKTOM peaoHaHc-
ttoro COC'IOSIHHSI ( 3/2, 3/2). TaK K3K nOJIHblA H30TOnHlJ€CKHA cnHH CHCTeMbl 
B 9THX CJIJ'13SIX paBeH 0, Tor.11a KaK CHCTeMa HS HJKJIOHa H 'lt-ME30H8 
B COC'IOSIHl1H I.= 3/2 H eme o.n.uoro HJKJIOHa MO>KeT HMeTb 'IOJJbKO 
I, paBHOe I H.!IH 2. CetJ€HHe nrouE:cca c'' He yeeJIHlJl1B3€TCSI npH ycJJOBHH, 
lJTO HyKJIOIIbl npH c6paaoeaHHH MeSOHa c6JIH)KaJOTCSI Ha paccTOSIHHSI,_ 
MaJJble no cpaBHeHHIO c JI.JJHHOA BOJ!Hbl MeaoHa. (Mbl HCITOJib30BaJJH 9TO 
M. fEJIJl·MAHH · H · K. M. · BM'GOH 
'CJIOBHe paHbWe, Kor.11.a ytiHTblBaJIM TOJlbKO 'HH3WHe 3H8'1eltl(a 
Op6HT&nbHblX MOMeHTOB HCnycKaeMblX l!8CTlfU.) 0pH 9TOM COCTO!ll!im 
J = 0 .lfe MO>K6T nepeATH B COCTOffHHe CHCTeMbl H3 1t-MeaoHa H HYKJIOHa 
c MOMeMTOM J =.8/ 2 ff. ew.':5 O.llHOro HYIMOHa B S-cocTOffHHH. Te llle 
caMble coo6pa>KeHHff npHMeHHMbl H K npou.eccy (c'), B KQTOpoM o6pa. 
ayeTcff .nef!TOH. B cAy11ae >Ke .npol{eccos (b") If (b') ysenntieH11e ceqe. 
HHSI 6y.11.eT HMeTb MeCTO, H n09T0MY MQ>KHO CttHTaTb, tJTO 001 ~ow H 
qTo yrnosoe pacnpe.11.eneHHe npouecca I= 1 - I= 0 HMeeT npHMepno 
!!'OT >Ke BflJJ., · tiro H . yr noaoe . pacnpen.enemre npouecca (b") HJIH (b')j 
T. e. 1/3 + cos2 6. 3aMeTHM, ti To ecnH npl:fHSITb .~ro o6oHCHeHJfe yr1m. 
soro pacnpe.n.enemrn, TO ¢>aao9h1A yron ro0 B (62) n.on>KeH 6bJTb 6mia. 
kHM K 0°. 3flTKeH 37 c¢>opMyJIHpOB3JI ·STH coo6pa>KeHHSI 6onee CTporo,. 
HCnOJlb3JSI Me30HHYIO reopHIO. 
ME30HHA5l TEOP~5l *) 
MeaoHHaSI Teop1111 B awn.e, npe.n.no>KemioM fOKaBa, 6hlna noc1poe. 
Ha no aHaJIOrHH c KBaHTOBOA aneKTp0.11.HHaMHKOA. KaK B aneKTpo· 
'mrnaMHKe nepBHl!HblM npoueccOM SIBJISleTCSI BHpTyaJibHOe HcnycKaHHe 111111 
JIOrnomeHHe 0.llHOro <J>OTOHa 9JleKrpoHOM, TaK B Me30HHO!t Teopm1 T8Kl!M 
npouet:COM SIBJISleTCSI BHpTyaJJbHOe HcnycK3HHe HJIH nor JIOll(eHHe 0.llHOro 
1t-Me3oHa HYKJIOHOM. npe.11.noJiaraeTCH, l!TO crOJiblA> HYKJ!OH (He B38HMO· 
. .D.eflCTBYIOlllHfl c 1t~Me30HHblM noneM) onHCbJBaeTCH, KaK If 9JleKTpOH, ypaBHe· 
HHeM .IlHpaKa. OnepaTop <I> (x, t) ncea.11.ocKansipHoro 1!•Me30HHoro no11n 
aHanorHtieil seKTOpHOMY (cnHH I) onepaTopy nonsi Aii.(X, t), npe.n.c1aB· 
JISllOll(eMy l<B8HTOB8HHblA seKTOp-noTeHU.liaJI 9JieKTpoMarHHTHOro TIOIJ!l. 
KaK A"' (x, t) cs~pTbrnaercsi c seKropHhlM onepa7opoM .IlHpaKa 1~ 
.llJlff 9.'leKTpOHa, TaK H <I> (x, t) MO>KHO Cser HJTb c ncea.nocKaJI!!p· 
HhlM oneparopoM .IlHpaKa '(5 JJ.JISI HYKJIOHa (PS mm nceBJI.OCKaJI!!P" 
' ' j)~ 
ll8SI CBSI3b) HJIH rpa.n.11eHT <I> (x, t), -j)-- (x, t) MO>KHO caepHyTb c 
x"' 
ncea.n.oaeKTOpttblM oneparopoM .U11paKa '( 5'("' .11.JISI HyKJIOHa (PV J.lllll 
ncea.n.oseKTOpHaR CBll3b). .Ilpyrnx npOCTblX CBR3eA 1t-Me30HHOro TIOllH 
c HYKJJOHHbrM, KpoMe 9THX, He · npeJI.nonaraercsi. (Cne.n.yer aaMeTHTb, 
lJTO JJ.J!SI onHCaHHSI Tp'3x aapSIJJ.OBblX COCTOSIHHti 1t-Me30Ha rpe6yeTCH 
Tpt!xKoMnoHeHTHoe none <I>;. TPH KOMnOHeHTbr KOToporo 06pa3y10T eeK· 
TOP B npocrpaHCTBe H30TOnHtieCKOrO cnHHa. nnsr Toro 4T06bI BhlflOJIH!l· 
J!OCb rpe6oBaHHe 3apSI,!1.0BOf! He3aBHCHMOCTH, HCnOJlb3JeTCSI <CHMMeTp11qe-
CKaR> reopHSI 6, B KOTOpoA BeKTOp <I>, ca!;pTblBaeTCSI c Bi::KTOPOM Ti 
HaoronHtiecKoro cnHHa HYKJJOHa.) 
.Unsi Ka>K.noro H3 JJ.BYX THnOB CBSl3H MO>KHO nocrpOHTb If H3Y'IHTb 
MeTO.UOM reopHH B03MyllleHuA, T. e. MeT0.11.0M pa3JIO>KeHHSI Ha6J110.llaeMblX 
senHtiHH no creneHHM KOHCT3HTbJ CBSI3H 4!~c (.n.nH PS) HJIH 4~~c 
*) B sroM paJJleJie 061>11mo 6y.llellf et1HTar& /;, = c = 1. 
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(,JJ.Jlfl PV), nom1y10 pensirnBJ.fCTCJ<YIO Teoplllo eaamt.0.ll.ettcTBHR 'lt-MeaoHa c 
HyKJICHOM. Kai< H B KBaHTCBCft 9JI€KTf0.ll.V.H2Mlme, KC9¢¢v.u.11eHTbl B Ta• 
KOM pa3JIO)l{€HHH OKa3blB3l01CSI 6eCKOHel.JHbJMH (aa lf(J{JIIQqeHHEM HH311.lero 
nopR.llKa). B 9JieKTpomrnaMl'IKe 9TH, 6ecKOHe'IHOCTH npona.n.alOT, ecJIH 
peaynhT3Thl nepe<fJopMyJittpoeaTh e TepMHtta:x 1:1a6mo.naeMb1x Macchi H aa-
pH.lla 9JI€KTpotta (TaK tta3hlBaeMbie nepettopMHpOBKH aapst.na H MaCChl). 
KaK 6blJIO noKaaaHo, aHaJiornqHoe noJio>KeHl'le HMeeT MecTo .nn11 PS 
1eopHH 'lt-Meao1:1oe 
38 *). 0.ll.ttaKo B PV TeOpHH 6ecKoHe'!ttccTH cc1a10TC!' 
ii q1c6b1 .noJiytiHTb KOtteqttbie pesyJibT8Tbl, HJ)l(HO HaMeHHTh peJJSITHBHCT-
c~yIO TeOpHIO. Y .ll.C6Hb1M H3MeHeHH€M SIBJISleTCSI BBe,neHJte l<O!fe'lHOfO 
pa.llttyca «fOJIOro> 1:1yKJI01:1a, no nop11.n1<y eemt'lHHhl pae1:1oro KOMTITOHOB-
CKOfi .lJ.JIHHe BOJIHhl tty1<n0Ha · Mfi • Tor.na see HHTerpaJJbl no HMnynhcaM 
•C 
BttpryaJJhHOro Me30Ha 06peaa10T.CSI npH HMilJJlbCe ! HJIH npH 9Hepnm 
V 2 2+ t;,:i (l)MaX = p. C {i!i • 
Koma npHMe1:1si101 PV Teopmo c o6peaaHHeM, TO .nnsi BhilfHcJieHHft 
o6hI'lHO Hcnonhay101 CTaTHqecKoe nptt6JIH>KettHe, T. e. HYKJIOHhI .cqHTalOT 
aaKpenJI~HHblMH H He J'IHThIBalOT ecex (HJIH 60JiblllHHCTBO) 9¢¢eKTOB 
01.na•m ttyKJIOHa. TaKoe npH6J1m1<eHHe He a6coJIIOTHO 1:1eo6XO.II.HMO, TaK 
KaK e PV Teopmt B npHHU.Hne MO>KHO seecTH peJIS1THBHCTCKH-HHBapHa1:11-
1:1oe o6peaaHHe H y'leCTb s<f><f>eKThl .ll.BH>KeHH!I HJKJIOHOB. 0.II.HaKo 06blq1:10 
npH HCil0Jlb30BaHHH c6peaaHHSI OT.!la'la TaK HJIH HHatte JllMTh!BaeTCSI 
nnoxo H ee JJyqUie eoo6me He paccMa1p1maTb. 
CraTH'leCl{aSI PV Teop1-1si c o6peaaHHeM J1CcJie.ll.OBaJiach B npH6JJH>Ke-
HHSIX CJrn6ctt JI CHJibHOtt CBR3H HeCKOJibKHMH aBTOpaMH ( CChlJIKH Ha paH-
HHe pa6oThr CM. s 39 H tta nocJJe.ll.HHe - B 40). ohlJIO noJJyqeHo, 4TO 
B TO epeMSI KaK c6a rrpv.6JIIf)l(eHHSI C'leHb cna6ott H O'l€Hb CHJlbHOtt' 
CBS!31l He cornacyIOTCSI c 91<cnepHMeHT8JlbHblMH Jl8HHblMH no 7t-M€30HHblM 
S!BJleHHSIM, CJIJ'latt He 0'1€Hb CJia6olt H He O'l€Hb CHJlbHOfi CBSl3H-o6a .ll.aJOT 
pesyJibTaThl, B 00Jlb3Y KO'i'Opb!X CBHJJ.eTeJibCTBYIOT Bee 9Kcnepl!MeHTbl. 
nocJie,UHee CCCOeHHO OTHOCHTCSI K cymeCTBOBaHHIO CHJlbHOfO npfTS1iK€-
HHSI Me)l{.ny 7t-MeaoHaMH 11 HYKJIOHaMH B cccTOSIHHH (3 / 2, 3 / 2). Cny4att 
lie 04eHb cm:6ofi CBSl3H 6blJI O'!eHb IlO.II.pC6HO H3J'leH 4y 40 ' npR'leM 
peay Jib Ta Thi Bb1'IHCJie1:1H.tt cpaBHHBaJIHCb c 9KcnepMMeHTOM 41 • OH 
trnllieJI, 4TO c KOHCTaHTOtt <;B!l3H fn~c = 0,058 H 9Hepruett o6pesa-
'HHSI {l)Max = 0,84M MO>KHO IlOJJY'IHTb rpy6oe KOJIH4€CTB€HHOe cornacHe 
~ 9KCnep11MeHTaJlbHh!MH .Il.3HHhIMH no pacceSIHHIO 7r-Me30HCB, no <f>o-
TOMe30HHblM 9q¢eKTaM npH 9ttepnm MESOHOB < 250 Mas H no 
BHOMBJlhHblM MarHMTHblM MOMeHTaM HettTpOHa H npOTOHa, T. e. no BCeM 
*) B cJiyqae PS MeaOHHOii Teopim l}>aKrntieCKH Heo6XOJlHMO ssecrn H nepe-
tIOpMl!posaTb eme O)J.HH napaMetp, ODHCblBalOW.Hii pacceHHHe Me30HOB Me30-
tlaMI! (CM. '7). 
II,; rEJIJI•llAHH M -K. M. BATCOH 
RBJJeHHRM, · Bl<J110t1810W.HM O.llHH HYKJIOH. PaccMoTpHM s o6w.Hx 11eprax 
'l'eOpHIO l{y. . 
faMHJibTOHHaH 8 TeopHH lJy HMeer snn.: 
H=Hn+ ~-~·1 (aJ p(x)vcJ),(x)d3 .x )+M. (94) 
l 
3.D.eCb Hn eCTb raMHJibTOHHaH Meaouuoro noJJsr H p (x) eCTb lf>YHKQHr~ 
0DHCblB810W.3H HYKJJOH, KaK MCTO\!HMK KOHetiHblX pa3Mepos; p xapa1<re:. 
pHayeTCH ~meprnett o6peaaHHH me H yc.noBHeM 
Sp (x) d3x=l. (95} 
HyKnoti uaxo.llHTCH . ..s Hatiane Koop.!lHHaT. 
He cne.D.yeT .11.yMaTb, 'lTO 9TOT raM1u1bTOHHau- stBJIS!eTCH npn6JIHlKl:!H· 
HblM no oTHOUJeHMIO K rBMHJJbTOHffany peJJstTffBffCTCKoA PV reopHH, 
EcJJff Mbl sa.na.llHMCSI AeJJblO nocrpOHTb CHMMeTpff'lecKylO reop1110 eaaHMo-
.n.efi\cTBHH r.ceB.llCCKa.nsipHblX Meao11cs c aaKpenn/l,HHblM HYKJIOHOM H ec.n1t 
npHMeM, •no B33HMO.ll€llCTBHe .llOJl)f{HO 6b1Tb JIHHellffblM no Me30HHOMy DOJllO,-
T3K lfTO B 9JleMeHT3pHOM 3K7e p0)1{,ll3eTCH HJIH nor Jl01U3eTCSl TOJ!bKO 
O.ll,MH Me30H, TO Mbl DO'lTH 0.llH03H3lfHO npH.ll'3M K Bblp3)1{eHHIO (94). 
Ec11n tty)f{HO yqecrb saaHMo.11.ellcTBHe c noneM cpoToHoe, To B ra-
MHJlbTOHHaH cne.nyer BBeCTH n.c6aBOlfHbltt 'IJleH 
Hadd = Hph - s (JA) d3x + ~ s d3 xp (x) ( 1A) (Cl\t2 - cJ)2't1). (96) 
3.zt€Cb nepeb111 l!JleH eCTb raMHJlbTOHH3H DOJ!Sl cf>OTOHOB, BTOpoll - 833HMO• 
.llfllCTBffe MeaOHHoro TOKa c 9JIEKTPOMarHffTf blM noJJeM, rpeTHll onMCbl-
BaeT npHMCR npcuecc ¢oTOpO>K.lleHHSl Me30HOB (OH DOHBJISleTCSl Y.3 Tpe6o-
B3HHSJ rpa.!lHEHTHoll f!HBapnaHTHCCTH). Mb1 npene6perm1 EceMH KYJIOHOB-
CKffMff B33ffMO,llellCTBHHMH, B33ffMO.ll€ ltCTBHfM .llHP3KOBCK0fO MarHH1'HOf(} 
MOMeHra npo10Ha c nCJI€M ¢01cna ff lfJleHaMH, c6ycJJOBJieHHb!MH Tpe6o-
B3HHSJMH rpa.n.11eHTHOA HHBapHaHTHCCTH .nnsi HYKJIOHa. 
Kot1cTaH1y CBH3H y.11c6HO onpe.lleJIHTh Ha 9KCnepHMeHT3JibHblX ..QaH· 
ffblX no 9¢¢EKTY ¢oropo)f{.zteHHSJ 1t'-Meaot1oa B6JJH3H nopora. B reop1rn 
'-ly 9TOT 9¢¢eKT npn M3JlblX 9Hepnrnx ueJIHKOM o6ycJIOBJ!Of TpeTbHM 
t!JleHOM B (96); KpOMe Toro, B H~M OtieHb y .ll06HO npoBeCTH nepettopt.iv.-: 
pOBKY sapst.lla, npff 9TOM ¢opMyna, nonyqeHHaSJ B HH3WeM npH6JJH)J(eHJIH 
1'eOpHff BOaMyrnem1A, . .na~T 1'0lfHOe peUJeHJfe: 
'a(y±)=81t'(~)(_E_)(JL)22 ('Yj~l). (97) 
4rdi c 4rr.~ c p.c " 
3.lleCb 'fj H v. TaJ< )l(e, Kai{ B pa3.lleJie «<l>OTOpO)K,llettue 1t'-Me30HOB- }la 
HyKnqnax >, ~BJIHK)T<;fl cqon1erc1senno. HMny JJbcOM · Meaona ff ¢orot1a. 
B e.ztHHJIU3X p.c. CpaaHeHffe c 9KcnepHMeHT3JibHblMH peayJihTaTat.m oep'-. 
B3AHMO.U.EACTBHE lt'•ME30HOB C HYKJIOHAMH 449' 
uap.lUfHH H f on.11yaccepa 16 .ll.3~T .ll.JISI l<OffCTaHTbl CBSl3H BeJIH'IHHY 
L. = 0,038. l'..fy y1<a3aJI, 0.11.HaKO, '!'TO <f>opMyny (97) MO>KHO no.u.-
41tfiC 
npaBHTb Ha He1<0TOpble KHHeMaTH'!ec1<11e 3:f>qreKTbl .ll.Blf>KeHmI HYKJIOHOB,. 
1<oTOpb1e tte s1<n10•w10TcS1 caMM no ce6e B TeopHIO. B pe3JJJhTaTe nony-
qaeTCll cpopMy na 
( e<J ) ( f' '\ ( f,, )z .,, f _ w )2 ( 'lfl. )-1 . a(y±) = S1t 41tfi,c • 41t/i,c )• ~ · :-;\ l + 2Mc~ l +M X 
X ( i+ ;c~ )-t ("'l~ l}, (98} 
r.11..e ro ecTb 3ttepr11S1 1t-Me3otta: tJ-C2 Vl + •,2• EcnH c .u.attttblMH Eepttap--
JlHlfH H fOJI.U.yaccepa cpaBHHBaTh lf>opMyJiy (98), TO l<OHCTaHTa CBSl3H 
nonyqaeTCSI paBHOA 0,058 + 0,015. 4>opMyJia '(9S) .u.a~T .ll.JISI : ~~~~ 
B6JI}l3H nopora BeJIH'fHHy 1,3, '!TO HaXO.ll.HTCSI B xopoweM corJJaCHH c 3KC-
nep!1M€HTaJJbttdl eeJIH'IHttOJt, y1<a3attttolt e lf>opMyJie (20). 
J1crrOJJb3JSI ttaA.ll.eHHJIO BeJIH'IHHY ~OHCTaHTbl CB~3H, '-ly 40, 41 BbJtJHC-
JIHJI c.n.s11ru cpa3 P-eOJittbl .ll.Jill paccesimrn 1t-Me30HOB na ttyKJIOttax. (CJie,-
.n.yeT 3aMeTHTb, l!TO Teopttsi 4y hpe.u.cKa3bleaeT cymecTeoeattue paccesi-
HHll TOJibKO e P-cocTOflHHSIX. .3TO JlOBOJibHO cep1> ';attasr TPY .D.HOCTh, 
occ6eHHO BBH.U.Y Toro, '!TO HeB03MO>KHO HHTepnpeTHpOBaTb Ha-
Qlll()Jl3eMOe S-paccesmHe l<aK 34Jcpe1<T OTJI.a'Ui; e ttacTosnuee epeMR Mht 
cjJaKTH'!eCKH He HMeeM TeopeTH'feCKOro 06 bSICHeHHSI cyll.{eCTBOB8HH$f 
S-BOJJHhI B paccesrmrn 1t-Me30Ha Ha HJI<Jiotte.) 
flptt ebr'IHCJiettHH c.nm1roe qia3 P-BOJIHhl 6hlJIO o6uapy>Ketto, <no 
reopm1 B03Myll{ettH!t He a.U.3KBaTtta, oco6eHH0 .l{JISI onucaHHSI COCTOSIHHll 
(3/ 2• 3/ 2). XOTSI CBSl3b He O'!eHb CJia6a H BTopoA H qeT8'5pTbIA nopll.U.OK 
TeopHH B03Myll{eHHA TaK JIJIJI J!Ha'!e BJIHSllOT Ha pesyJibT3'Ibl Bbl'IHCJiemil1 
<::>cjJ<J>eKTHBHoro noTettuuana > .11.JISI paccesittHSI r--Me3oHa Ha HYKJIOHe, caM. 
no ce6e 3TOT <fiOTeHuttaJI> He HaCTOJlbKO MaJI BO BCeX COCTOSIHJISIX. 
l/T06bI ero MO)l(HO 6bIJIO paccMaTpHBaTb B 6opHOBCl<OM npH6JJJl)KeHJIJI. 
Cncao «noTeHu,11aJI> aa1<JI10'fetto B KaBhl'IKH, noToMy '!TO Bbl'!Hcnetttthlfi 
onepaTOp He SIBJISleTCSl CTaHl'l.eCI<HM IlQTeHU,JlaJIOM v (r), a CHJihHO 3aBH-
CHT OT HMnynbca H 3Heprntt. TaMM 42 11 .Uatt1<os 43 nepBbie npe.11.JIO)f{HJIH 
Bbl'IHCJJS!Tb B npo6JJeMax TaKOro nma HeCTaTuqecKH!t « nOTeHU,HaJI> Me,TC-
)l{)M 'l'eopm BvaMymemli\ H aa'l'eM ttaxc.n.mh ¢a3hl p2cceS1ttHS1 TO'l.HO, 
llMeCTO Toro 'ITC6hl IlOJIJ'l3Tb C.11.BHrn cpas B BH.l{e pa3JIO)Kemrn no CTe-
neHHM KOHCT81iTbI CBSl3H. 3TOT MeTO.ll. Tenepb H83hIBalOT MeTO.llOM TaMMa-. 
D.aHKcBa HJIH T-n MeTO.ll.OM. Ott HenpHMeHHM, Kor.na cHJia C3siatt rnK 
BeJJHKa, '!TO .ll.3)f{e «UOTeHUHaJI> HeJib3SI 1<oppeKTHO paccMaTpHB3Tb no 
TEOpHH B03Myll{eHHA. 
l1cnonb3Y.SJ cJierna 1dO.ll.Hcj>HU.HposaHHb1lt T -n MeT0.11. u OThtCKH_Basi · 
C.ll.B»rn cpaa 'IHCJiettHb!Mli MeTo.D.aMH, 4y 40, f aMMeJI 44 H Conb3M3H 
c CHalt.u.epoM 45 ttalIIJIH npH (l)i.m""' 0,84ft1 aenu'!HHbl C.llBHI:op <tJa3,: 
M. fEJIJl·MAHH H -K. M •. BATCOH 
l<OTCpble HSXOJlSITCSI B y .a.oBJreTBOpHTeJlbHOM cor nacm1 c COBpeMeHHbJMQ 
9KcnepH.MeHT3JibHblMH .a.aHHblMH. C.a.eHrH <jlaa, noJiytJeHHble 4y, npea. 
<:Taenenw e Ta6n. IX. ·· 
Ta6.11 HIU IX 
Cns1-1rn l}>aa P-BOJIHbl npH pacces!HHH 'lt·Me30HOB 
Ha HJKJIOHaX, Bbl'IHCJJe!IHble 4y 
EJ1a6 (Mas) I 1j I CZ33 I CZ31 = aia ! au 
38 0,67 3,7° - -
57 0,83 8,0° -1,0° - 2,3° 
78 0,98 14,7° -
-
99 1, 12 24,9° -2,0° - 4,3° 
122 1,25 39,4° - -
144 1,38 56,9° -3,3° - 6,4° 
167 1,50 73,2° - -
190 1,62 85,8° -4,8° - 8,4° 
215 1,73 94,6° - -
240 1,85 99,5° -6,30 -10,3° 
-
lh Ta6JIHUbl BH.D.HO, '110 paccesim·:e B COCTOSIHHH (3 /2, 3, 2) o6ycJIOBJleHO 
npHTSl>KeHY.eM H SIBJJSICTCSI « pe30H3HCHblM >; B .n.pyrnx CCCTOSIHH!IX OHO 
-OtJCHh cna6o H o6yc.noaJietto OTTBJIKHBaHtteM. CTOBli.ll.HMOMy, OblJIO 6!~ 
ttepaay.MHO cpaBHHBaTb c 9Kcr.epKMeHTOM CTaTU'lec1<yro Teopmo c cope· 
aaHHe.M npn 9ueprnS1x, MP.Oro 6oJibIUHX, qeM B3!1Tbie s Ta6JIHU.e, TaK KaK 
npH COJlblliHX ::n:eprm1x s¢¢eK1 bl OT .n.atiH H KOHKpeTHbll:\ BH.ll ¢opM· 
<J>aKTOpa Ha'IHH3IOT Hrpa1b cyw.ecTBeHttyro pOJJb. 
Tenepb BepH~MCH K s¢¢eKTaM qoTOpO>K.lleHHSI Tt-Meaottoe H paccMO· 
-rpHM i;eayJJhT3Tbl Teop1rn 4y D.JJSI 9Heprnl:\, npll KOTOfhlX ¢opMyJJa (98) 
ttenpuv.eHHMa. K co>KaJienmo, coo1eeTcTey10w.11e pao1eTht eme He noJl· 
HOCTblO npv.ee.ren.1 K y 11.0BJieTBopllTeJJbHOMY Bllll.y; KpoMe Toro, CT8'fll· 
tJeCKaSI 1eop11S1 Hell36e>KHO Hey !l.OBJieTBOpmeJibHa r.o O'fHOUJeHHIO K yqery 
JJ.HpaKcBcKoro Marn11TP.oro Mow.e1na npO'IOHa. Yy 41 *) coo6maer, 
O.D.H8KO, '!TO npe.n.e2pJ1TeJJbHbJe p<:C'leTbl, nOBH.D.HMOMy, Ji.OB0;1bHO 
xopou:o cornacyIOTCSI c 9KCnepHMeHTaJJhHhlMH .n.aHHbIMH B o6JJ8C'l'M 
cpeaomrnca>. ToT lflaKT, t1To «peaoHaHC> ("/2 , 3,'2) co.n.ep)f(HTCH 
B ncpHH, onpe.n.eJJ~HHO noJI.rnep11<.11aeT npmt.eHHMOCTh coc6pa>KeH11", 
JICfl0Jlb3CB8HHhIX HaMH B pea.n.e.i:e c<PoTOpO>KJl.eHHe Tt-Me30HOB Ha HYKJIOH8X>. 
BKll8.0.bl Me30HHb!X TOKOB B MarHHTHhJe MOMeHThl npOTOHa H Het!TpO· 
Ha (peBHhle JI nponlBOflOJIO>l<Hble no 3Ha1<y) 6h!JJH Bhl'IHCJ!eHhl B npHOJJ!-1· 
>KeHHH TeC:pHH B03Myw.ettHR lfy ·11 • B peayJJhTaTe np11 Tex >Ke caMb!X 
napaMeTpax, '!TO 6hlJIH HCOOllb30B3Hbl Bh!We, 6bJJJO fiOJJy<1etto BO BTOpOM 
nopsi.n.1<e -+- 1, 15 SID.epHb!X MartteTOHa oopa H ::±:: 1, 48, KOf JI.a 6hlJJH ytiTeHbl 
*) Cpasuea11e peayJJhTaTOB TeopHH c 9Kcnep11MeHTOM ony6JIHKOBaHo B 
Phys. Rev. 95, 1669 (1954). (flpuM. nepeB. 
B3AHMO.llEfiCT!Uf~, 1t·MB30HOB C HYK.JIOHA\fH 45~ 
110npaBKH qew~pw.ro nopsi.ll.!<a •. 81<cnepHMeHT8JlhHb1e ima~eHHSI att9MaJ1h·_ 
ilblX MarHHTHblX MOW.eHTOB paBHbl COOTBeTc;i:eeHHO .ll.JISI npoTOHa H aett-
fpoiia + 1,79 H - 1,91. · ··· · · . . · 
' B AOUOJIHemre K IlIJ01PilMMe 4y no HCCJleJl.OBaHHIO nro6JieMhl 0.ll.HOro 
HyKJJOHa, c1a1uqecKaS1 PV TeopHsi 6blJia npHMeHeHa K npo6JieMe .n.eyx 
»y1010HoB, T; e. K ?deaoHHOlt TeOpHH si.nepHhlX CHJI. Crnn1.qecKHe no-
'J'eHuflallhl BTOpOro H qeTe~pToro nopSl.llKOB MC>KllY napott HYKJ!OHOB 
Ob!Jl11 BbiqHCJleHbl Ta1d~T8HH H .np. 4G' '<PeltHM8HOM c J1onecoM 47, opIOK-
f{epOM H BaTCOHOM 48 H .npynrnu. 3rn noTeHL{HaJJbl HMeIOT CHJibHYIO 
-c1mrym1pHCCTb B HaqaJle KOOpllHH8T H, qTQObI pemHTb ypaBHCHHe llipe-
)bHHrepa, Hy>KHO BBOJJ.HTb rpaHH'.JHOe ycJJOBHe Ha M8JlhlX paccTOSIHJISIX; 
-06bll!HO Bbt611paIOT BOJIHOByIO <PYHKUHIO .aeyx HYKJIOHOB, 11c11eaa10myIO 
Ha paccTORHHSIX nopSIJJ.Ka -21 _Ji_ (TBK H83bIBaeMaSI «MO.lleJlb TB~pllOtt 
f'.C 
~epAueBHHbl>, anepeble paccMorpettHaH 5IcrpoBhIM 49.) ob!JIO ttaitlleHo, 
'!TO npH 3TOM npennOJ!O>Kemm H npH KOHCTaHTe CBSl3H, He CHJlhHO OT-
~H11810lllCttCSI OT KOHCTaHTbl 4y, Bee 3KcnepHMCHT8JlbHb!e napaMeTphl, 
9THCCllIUHecsi K npc6JJeMe .nayx TeJJ npH MBJJbIX 3Hepnrnx, oni::e.lleJJH· 
lOTCll .IJ.OBOJlbHO TO'IHO. 6oJJee Toro, HCCKOJJbKO noame BplOKHepoM 51 
11 TaKeTaHH 50 6brJJo noKaaaHo, qTo Ka1.JecTBeHHb1e oco6eHHOCTH pac-
eel!HHSI HYKJJOHa Ha HYKJJOHe np1-1 3Heprm1x .no 90 Mas_ Mo:llrno xopowo 
-060SICHHTb c noMOll.lbIO Toro me caMoro noTeHu11ana. K0He11Ho, 011eHb 
cymecrneHHO noKaaaTb, qTO scj:<fJeKThl ab1cwero nopll.nKa He Hapywa!QT 
COrJI2CHll c 3KcnepuMeHTOM. l1MeIOIUHeCll .naHHhie 48• 50 yKa3bIB3IOT' 'ITO 
noTeHUH3Jlhl llleCToro H BhlCWero nopSUJ.KOB, XOTll OHH 01.JCHb CHJJbHb>e, 
1/BJIHIOTCSI KOpOTl<OlletlcTBYIOlllHMH H He MoryT ll.MCTb cymecTBeHHOJO 
aHa1JeHHS1 BHe «Cep.n.ueBHHhl>. To >Ke caMoe Mo>KeT 6b1th cnpase.n.mrno 
ll JJ.JISI 9cp<fleKTCB, CBSl38HHbIX c « HOBblMH 11aCTHU3MH). 
Terrepb nei::ettn.eM oT cTaTH'leCKOtl PV Teop1m c o6peaattHeM K non-
11ocTbIO peJJHTHBHCTCKOU PS Teop1rn, KoTopasi JI.aeT KOHetJHhie peayJJb-
'TaTbI 6ea o6peaaHHll. Peay11bTaTb1 PS n:opHH He TaK rrpoapaqHhI, «aK 
pesynhTBThI Teop1n1, KoTopyio Mbl TOJlhKO 1.JTO 06cy;1rnamr. CorepmeHHO 
j!CHO, 'ITO eCJIH KOHCT8HTa CBll3H TaK MaJJa, qro MO>KHO npHMeHHTb 
o06bI1.JHY!Q Teopmo soaMymeHHtt, TO PS Teop1rn He cornacyeTCR c 9Kcne-
p11MeHTOM. Tip116JJJ.I)l(em1e CHJJbHOtt CBll3H TO)l{e He y .n.aeTCll paaBHTh TBK, 
"IT06bI no11y11HTb XOTll 6bl OT ll8JleHHOe CXOllCTBO c 3KCnepHMCHTaJlbHblMH 
)laHHbIMH. Tipe.n.11araJJECb paaJJH'IHble eap11.aHTbl np116n11.meHHll npoMe>Ky· 
')'QllHOtt CBSl3H. OnHaKO B HaCTOHll{ee apeMll COMHHTeJJbHO, qTC6hl XOTb 
OJU!H ll.3 HMX o•pama11 T01.JHy10 KaptHHY peaynhTaTOB PS Teopmt. 4To 
i.:acaeTCH cor J13CHSI 9Tl1X npJJ6JJH>KeH11.tt c 3KCnep11MeHTOM, TO, eepOHTHO, 
~TO cornacwe HMeeT MeCTO J!Hlllh nOCTOJJhKy, IlOCKOJlbKY OHM TIOXO>Kll. Ha 
<ra·rnqeCI<yIO TeopHIO lly c o6peaaHHeM. Mo)l{eT 6hITb, Ha caMOM .n.ene 
Teop1rn 4y 11 SIBJrneTcR xopom1rn npH6J1m1<ettll.eM K PS TeOpHH c npoMe-
IKyTottaott CBSl3bl0, 0JJ.H3KO 3TO npennOJIO>KeHHe OTHI0.11.b He JJ.0K338HO. 
KOHCT3HTY CBH3H, T3K me KaK H B TeOpHH 4y, MO>KHO onpe.n.eJIHTh 
110 cpaBHeHH!O CetJeHHS! cpoTopom.n.eHHSf 1t'-Me30HOB B6JJH3H nopora c 
M. tEnJMiAHH M K. If· BATCOH 
9KcnepuMelfTOM. TeopHir eoaMy!UeHHR a HHaweM nopR.11Ke .11al!T .ltilw 
ps · TeOpHH. ¢0PMYJIY (98)~ fCJIH B nocne.11ueft aaMeHHTb 4:~c liiJ 
( 1.\)2 f!2 .. l!'J 2M 41t~C , r.lle 47tf,,& ecT& KOHCTauTa CBRBH PS Teop1m. B PS 
TeopHH 9Ta «flop~yJia He cnpaee.n.11:ea iIJJR ecex ncpH.n.Ko~ 
B npOTlfBOOOJIO>KHOCTb <J>opMyne (9i) B TeOpHH "Lly. 0.n.HaKo 
KpoJIJJ H Py.llepMaH 52 ncKaaanH, 'ITO ¢opMyJJa (98) cnpaee.nmrna 
c TO'IHOCTblO .llO qJieHOB .t Jr.Jiff ecex nopR.llKOB; OHH T8K>Ke np1rnenlf 
Coo6pa)KeHttff B fi0Jlb3Y TOrO, 'ITO T8KHe 'IJleHbl Jl,eftCTBHTeJlbHO M8Jlbl *~. 
f!2 • 
Ec.IJH Mbl TSKHM o6paaOM onpeJleJIHM 47tfic • TO HaA.u.eM Bem11rnuy, 
npHMepHO paBHYIO 10. OTCIO.ll.8 RCHO, noqe.My TeOpHR B03Mymem1tt He 
.u.aeT y.llOBJleTBopHTenbHblX peaynbTaTOB .llJJff .npyrnx npoueccoe! 
~ho6bl H€CKOJibKO rny6>Ke nCHSITb CTpyKTYPY PS Teop1m, Mbl npH· 
ifeHHM K ifeft. MeTO.n <l>oJJ.nH H B2yTxeAceua 53• 8TH aBTOpbl HCKJIIO'IHJIH 
H3 raMHJibTOHH8H8 c nOMClllblO nccne.noeaTeJJbHblX K8HOHHIJECKHX npe· 
c6paaoeaHHlt 'leTHble MaTpHUbl .U11pa1<a (aHTl11<CMMYT:lifYI01UHe c ~) B nc-
1 
cJie.noeaTeJibHblX npH6ninKeHHHX no M. Hcxo.n.HblR PS raMHJibTOHllaH 
KOTOpblA Mbl .llJlff npCCTOTbl aanHCblB8eM .llJISI 0.D.HOA 'laCTHUbl, 1rneeT BH.D.: 
Hps = H,, + (ap) + ~M + lgpy 5 ~ 't,tl>, (x), (9~:) 
f.lle X H p - COOTBeTCTBeHHO KOOp.!1.HHaTa H HMnyJibC HYKJIOHa. CTocne 
1 
npeo6paaosaHHR, OCTaBJi!llOlUero IJJiettbl nepeoro nopsi.n.Ka no M , Mbl 
noJiyt11rn: 
H~5 = H"' + 2~ (av) E't,tl>, (x) + M + 
g2 ~ + p2 + -2M k.J tl>I (x) 2M (100) 
I 
Ec.'!H cpaBHHTb ( 100) c <J>opMy nott (94) MS! TeopHH Lly, TO, no· 
JiaraH f = [g, Mbl BH.l1JlM, 'lTO nepeble TpH 'l11etta B ( lOO) TO'IHO 
COOTBeTCTBYIOT raMHJibTOHHaHy Lly; HeT TOJ:bKO BBe.lleHHOrO T8M o6peaa. 
HHS!. 0.aHaKO tJJJeH, onUCblB810UVltl l<HHeTtt'leCl<YIO :meprn!O 0T.Ll8'lH :~ t 
.n.aeT nocJie nepeHOpM11poaK11 c6peaaH11e Toro >Ke T11na. OcttoeHoe pa3· 
g2 ~ ? 
;mime 381<JllO'laeTCH B q.rreHe 2M ~<I>; (x), l<OTOpbl'I COOTBeTcTByet 
*) 3aMeTHM, '!TO cnpaee.nJIHBOCTb pe3y JlbtaTa 1eopm1 B03My~eHHH npl'i 
,.i; : 0 3.aBHCHT OT Bhl6opa peu.ema nepe.ROpMHpOBKH 3apH.n,a. 
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113a1rnoJI.eltcTBHIO Me30HOB B S-cocTOSIHHH c HYKJIOHOM qepea pacceHHHe 
" qepea pomJJ.ettue H YHH'ITOmettHe nap MeaoHOB. Ha nepBbilt B3rJISIJI. 
Ka)l(eTCSI, qTO <j>opMyJia (100) SJBJISJeTCSI o6o6meHtteM (94), TaK KaK OHO 
JJ,aeT npemuue peayJibTaThl .ZlJIH Me30HOB B P-cocTOSIHMH H, KpoMe Toro, 
co.n.ep>KHT om1camte pacceRH~R Me30HOB· B S-cocTOSIHHH, OTCJTCTstte 
KOTOporo 6b1JIO CJia6hIM nyH,KTOM TeOpHM '-ly. 0.n.ttaKO ecJIH Bbl'IHCJIHTb 
S-pacceS1m1e, HcnoJih3YH cf>opMyJiy (100), TO cornacm1 c 9KCnepHMeHTOM 
He nony'lttTCSI. Opem.n.e scero, Teopmr BOaMym.emrn Jt.aeT oqetth cn.11h-
iioe S-pacceSIHMe, KOTOpoe COBepruettHO He cor nacyeTCR c 9KcrrepttMett-
TOM. YTO'lHeHHOe paccM0Tpem1e BettTUeJ1S1 54, npaB.ll.a, rIOI<a3bIBaeT, 'lTO 
STOT 9cpcpeKT O'leHb CHJihHO nonaBJISleTCSI npou.eccaMH Bb!ClllHlC nopSIJI.I<OB; 
:ileJJH'lttHa S-pacceS1HHS1 rrpM 9TOM rronyqaeTcSI 6Jitt3I<Otl K Ha6mo.11.aeMott. 
().11.HaKO aaBttCHMOCTH S-pacceS1HHS1 OT H30TOITM'!ecKoro cmrna H OT 9ttep-
rnli Bee paBHO 6y .ll.YT HaXOJI.HTbCSI B rrponrnope'IHH c 9KC11ep1-1MeHTOM. 
TaKHM o6paaoM, TeopHS1, 6epyma11 aa OCHOBY raMHJihTOttttatt ( 100), 
Jlp8KTH'leCKM He HMeeT npeHMyll(eCTB no cpaBHeHHIO c Teopttelt 4y. 
0.11.HaKo (100) S1BJIS1eTcS1 TOJibKO np116Jm>KeHtteM K PS Teop1rn. flo-
:lTOMY MO>KHO Ha.n.eHTbCSI, '!TO TO'IHOe paccMOTpeHHe 110JIHOrO p s ra-
MJ1JlbTOffl13ffa .II.acT, no Kpattttett Mepe, JJyqmee cornacttz c 11anecTHblMH 
.csot\cTBaMH rr-MeaottoB B P-cOCTOHHHHX M; KpOMe Toro, o6bSJCHHT TaKHe 
:scj:cp~KThI, I<aK cJia6oe H aaBHCSJUJ,ee OT naoTonuqecKoro cnutta S-pac-
.ceimtte. .llns1 Toro 'lT06h1 npoBepttTb cnpaBe.II.JIHBOCTb noro npe.1I.nOJIO-
>KeHttS1, B KopHenne 6eTe, .llaltcoHOM H .11.pyrnMH 55 6hIJIH npe.11.np11-
HllThl HCcJJe.noBamrn. Otttt noJib3JIOTCSJ MeTO.II.OM TaMMa - llaHKOBa, 3a-
J<0HHOCTb KOToporo .nns PS Teop1rn c KOHCTaHTOtl CBH3H IO, K co-
:manettmo, He .ll,OI<aaatta. Bbi'IHCJieHHSI · Be.ll.yTCH .nnff ceqem,tl pacceSJHHH 
.>11 cjJoTOpojj{JleHlrn Me30HOB, 11 npe.nsapHTeJibHble peayJJhT3Tbf 1(8)!{JTCSI 
·06o.npHIOII.(HMH B CMblCJie cornaCHSI c 9KcnepnMeHTaJibHblMH .II.3HHblMH 
~ P-BOJIHe. 
Ec.1111 TO'lHaH PS TeopHSJ 01<a>KeTCS1 cnpase.nn«BOtl, TO o.nua oco6ev.-
1:1ocTb np116.11Hmettttoro raMHJibTOHttatta ( 100) .nom1rna coxpaHHThcH; pe'lb 
.Si.neT o no.II.aBJJeHHH S-BOJJHbl. HeKOTOpb1e yI<aaaHHSJ, 'ITO 9TO Mor.r;o 
.f!MeTh MeCTO B pem1n1BHCTc1<ott PS TeopHM, 6bIJIH 110Jiy11eHhl B peayJih-
TaTe OlJeHb rpy6hrX Bhl'lHCJJeHttlt 6pio;rnepa, feJIJI·MaHHa H fOJik 
·6eprepa 56• 
6eTe 55 Bh1paattJI yBepettttOCTb, 'lTO PS TeopHSI .nacT aepHoe OITH• 
«:aHtte 'lt-Me30HHblX HBJIL Halt npH .II.OcTaTO'lHO HH3KHX 9ttep:-m1x. OH npn· 
.naer 60JihWoe atta'leH11e ToMy <j>aKTJ, lJTO PS TeopttSJ SJBJISieTCSI e.n11H-
·CTBettHOlt 113BeCTHOlt peJISITHBHCTCKH HHBapttaHTHOtl TeopttEtl nceB.ll.OCKa-
.mlpHbIX Me30HOB, KOTOpall .naeT KOHe'lHble peayJihTaTbI nocne nepeHop- ' 
MHpOBKH 6ea o6peaaHHSI. '-ly 41, c .npyrotl CTOpOHhl, CKJlOHeH C'lHT8Tb, 
"ITO Il011blTKH ycosepruettcTBOBaTb CT3TH'leCKYJO TeOpHIO c o6pe3JHH 'M 
,1l0Jl)l{Hbl· 6hITb 6oJiee nponyl{THBHbIMH, qeM HCf10.llb30BaHHe PS Teoptttt, 
Ji .ll,OJI)!{ffbl B KOHe'lttOM C'leTe .II.8Tb om1caHHe <HOBblX HecTa6l1Jibffb'.X 
·\13CTHU,), 0.nHaKO Tpy.n:tto nosepHTb, . lJTO TaKOe onHcam1e B03MO>KHO 
.1J paMKaX 1<aKolt-m16y )l.b ll3 cyw.eC'rByIOUJ,HX TOOpHlt. 
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.uonOJJHEHHE 
Hhl'lHCJJeHHe KOMnJJeKCHhlX cpaa MaTpH'lHblX 
SJleMeHTOB ~OTOPO>K)leHHSI 
Mbl KpaTKO HaJJO>KHM MeTO.ll, HcnOJJbayeMhlR B pa6orax, y1<a3aHHhIX: 
B CHOCKe Ha CTp. 423 .llJISI onpe.11.eJJeHHSI ~aa B ~OpMyJJaX (19) H (20). 
PacCMOTpHM nepeXO.llbl Mem.n.y co6CTBeHHblMH COCTOSIHHSIMH raMHJJbTOHHa-
Ha H 0 , Bbl3BaHHble BaaHMO.lleRCTBHeM V. 
111-1:-erpaJJbHOe ypaBHeHHe, KOTopoMy y.llOBJJeTBopsieT MaTpm.la pea1<u.Ha 
f<.., llML'eT BH.ll. *): 
I 
K= v+ VE-Ho K, (D-1) 
r .a.e E - 9Heprnsi CHCTeMhl. Ec;rn V H H 0 HHBap1rnHTHbl no OTHOUieHHI() 
K JJ.etlcTBHIO 8HrHepoac1<oro onepaTopa 1rnaepc1m apeMeHH £, TO TO )l(e 
HMeeT MeCTo H .U.JJSI K, T. e. 
J[K;Jl- 1 = K. (D-2) 
HttTerpaJJbHOe ypaa1-1e1-111e, ycTaHaBJJHB3IOUJ.ee cooTHOUieHHe Mem.ny K 
11 aMnJJ111y .11.otl nepexo.na T, HMeeT Bll.ll'. 
T=K+iKT, (D-3) 
f;le Bee BCJIH'IHHbl 3a,llaHbl Ha nosepXHOCTH 9HeprnH (B nponrnonoJJO)l(-
HOCTb BeJJWrnHaM ypasttemm ( D-1 ). 06oaHa'lHM co6cTBeHHb1e cpynK-
u.1111 onepaTopa lf0 'lepea 
rJJ.e r o6oaHa'!aeT napaMeTp KaHaJJa pea1<u.1111 (T. e. HOMepyeT cocro11-
mrn, B KOTOpble CHCTeMa MO>KeT rrepdlTH B peayJJbTaTe pacceSIHHSI) H 
j ecn. noJJHbdt MOMCHT c npoeKIJ,Hetl Ha OCb z, paBHCtl m. (B o6meM 
cJJy•rne 6y.11.yT H .upyrne CTeneHH CB060.llhl, KOTOpb1e lib! .11.JISI KparKOCTH 
11rnop11pyeM.) Mhl MO>KeM paaJJO>KHTb K no cpyttKU.HSIM <I>: 
(D-4) 
r,r' j, m 
3.necb (rlK/r') HBJJS!e'ICH ¢y1-11<u.11ett TOJibKO 91-1eprn1111 r, r'. EcnK 
*) CM., ttanp11Mep, 06my10 reopmo paccesiHHll - M. 0 e 11-M a n n. 
M. L. Goldberger, Phys. Rev. 91, 3S8 (1953). 
B3AHMO.UEhCTBHB TC•ME30HOB C HYKJIOHAMH 
JjJ,!(}pa't& (){5bllJHOe npe,ll,CTaBJieHHe, TO *): 
e/{'~m = (t)Z111«IJ-m 
rj rf 
11 (TaK KaK Q){' aaKJ1101JaeT B ce6e KOMnJieKo:oe conpsimem1e) 
J[K£-1 = ~ ~ (r1Klr'f'(i)2m(--i)2m~;r~;;:1m. 
,., ,, j, m 
Y!cnOJib3YSI ¢opMyJiy (D-2), t.'.bl noJtyqaeM, '!TO 
(r ! KI r')* = (r \KI r') = K0• 
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(D-5) 
(D-6) 
(D-7) 
TaKttM c6paaoM, Matp11ua (r I KI r') .11.ettcTBttTeJibHa 11 CMMMeTpwma 
(raK KaK OHa spMmOBCKaH), l!TO SIBJISltTCSI peayJihTaTOM, 38Bl1CSllll.11M OT 
Bb16opa cpymm.Htl IP, KOTOpb1e y .UOBJTeTBopsiior ypasHeHHIO ( D-5). 
,UJISI l1JIJllOCTpaLum 3HalJeHHSI cpopMyJib! (D-7) paccMOTpHM Me30H-
»YKJlOHHOe paccesim1e .11.J!SI lJHCTOfO u' I) COCTOHHHSI H ¢0TOpmK.11.em1e 
B TOM )Ke caMOM COCTOSIHHH Mt30H3 H HYKJIOHa. Tor.11.a: 
(cocrosiH11e: )'-KBaHT - HYKJTOH), 
(cCCTOSIHHe: TC-Me30H - HJKJIOH), (D-8) 
r.Qe o - ¢a30Bhlfi C.llBHr paCCeSIHHSI H )'-BeJIH'IHHa, XapaKTepH3JIQlll.8H 
ijJOTOHHhltt KaHaJI peaKU,HH. Mb! Cl!HT1!eM y MaJib!M (TaK KaK OHO BKJ!IQ-
lJ3eT SJieKTpOMarHHTHOe B33HMO.ll.etlcTBHe) H npette6peraeM pacceHHHeM 
¢orottoB Ha HYKJ!OHe. (D(9TOMY 9JieMeHT B sepxHeM JieBOM yrny K0 
ilOJIO)f(eH paBHhlM tty mo.) 
Bo3sp21u.aHCh K ypasttem1io (D-3), Mb! paaJIOJKHM T no aHaJTOrHH 
c (D-4), aanHCbIB8SI 
T 0 == (r IT Ir'). 
<PopMyna (D-3), npe.ncTaBJTrnHasi qepea T 0 H K0, aanmuercsi KaK 
T 0 = K0 + iK0T 0 , 
HJIH 
T 0 = (1 -:-- iKu)-1Kc• 
Dpo11ase.11.eH11e Msrpm.1, JltrKO BhI'Il1CJJHf.Tcsi, H Mhl Haxo.n.HM 
(
. 0 ei~y cos o) 
T 0 = eny cos o e10 sin o · 
(D-9) 
(D-10) 
*) 3JJ.eCb <:BTOpbl .uonycKalOT HeToqHOCTh, ClJHTall, qro (D-5) COOTBercTByer 
o6rn:enpHHHTOMY npe.ucraBJ1e1rn10. C..6bl'lEOe rpeccBrnHe .udicrBHTeJlbliOCTH KO-
aqiqmu_HeHTOB K.ne6rna - }l{op.uaHa npHBO.IIHT K cJie.uyromeMy onpe.neJ1eH1110 
onepau.1111 HHaepcv.H apeMeHH: K<P':J = (- l)j-m1>~; HCilOJib30BaH11e (D-5) 
MOIKer npHBeCTH K ow116KaM, CM. ~. Hub y, Proc. Phys. Soc. 67A, 1103 
(1954). (fJpu.M. nepes.) 
. M •. fEM-MAHff ff K.: M. BA TCOH 
.3.lleCb HeJJ.HaroHanbHble M3TpHt!Hhle 9neMeHTbl SIBnSllOTC!I M3TPH'IHJ,IMJI 
9neMeHT3MH <f><>Topo>K.lleHHH, OTHOC!llll.HMHCH K OT.lle.nbHblM MYJ1bTHno.nH11, 
Tai< K3K a H i .lleRCTBHTeJlbHbl, TO MaTpHU.3 T 0 HMeeT BHJJ.: 
e1", yMHO>KeHHoe na JJ.eRCTBHTenLHYIO BeJJHIJJfffy. 
3TOT peayJJbT8T HMeeT p!l.'1. npHMeHeHHfl I< cporopo>K.a.eHHIO Me30HOB, 
-0HH 6blJIH JJ.eTB.llbHO paccMoTpeHhl (cM. cuocr<y na cTp. 423). Mbl 3.Qecb 
np1rne.ll~M T<MbKO peay111>TaT 9THX pa6oT. AMnnHTY.lll>I nepeXO.llOB .D.ila 
-OT.lleJlbHblX MJJlbTHITOJieR <f>OPMYJlhl (26) Bblpa)f(alOTC!I t1epea 3MilJIHTy.n.~ 
.llllH nepeXO.llOB a 'IHCTOe I cocT011uue. Tor.Ila (a.lleCh a cyTb CJJ.BHrH ¢aa 
pacce11uu11, BbltJHc.neum.ie JlJISI sneprirn 'lt-Meaona 11 HyKnona B KOlie'IHOM 
.COCTO!IHHH) 
E+ = e"z.• -.12-£(3} + eirz• - 1 - r £(1 l - 2~£<1l} } Y } I f 2- l } } ' 
£0 = e'a.•2£C3> - e'"• _I_ [£!1) - 2·1E<'J] l 1 2 1 1 • 
M1 ( + )+ = e1"01 Y2 M 1 ( + y3> +-
+ e1a.u ~2 [ M1 ( + )'!) ·- 2()M1 ( + )' 11 j . 
M 1 ( + )0 = e1o.,2M1 ( + )13> -
- e'a." + ( M1 ( + )'0 - 20M1 (+YI)) , 
( 3 )+ . v- ( 3 '.(3) ' Mt 2 = e'a .. , 2 Mi 2} 1- (D-ll) 
. . . 1 [ ( 3 )\1) ~ (' 3 '(1)) 
--t- e'"'•• --- M 1 - - 2·,M -·· \ I y2 2 . l 2 / ' 
M1 ( ~ )° = ei">•2M1 c ~- )'31 -
fa 1 [ "\ ( 3 )(I) ~ ( 3 '(1) J 
- e ,. T M.1 ·\ T - 211M 1 T) , 
E+ = e1"-,. ... r i E13> + e'"•• _ 1 _ 1£(1) - 2~£11>) 2 y ;l• y2 z 2 , 
,.,.1 = e"'••2£!3) - efo11 _ 1 _ re<o - 2~£<Il)·· Li . 2 2 l 2 2 ' 
3 ( 1 )(1) " 
.Uaeff8.llU.aTb B~JIHtJHH E\ >. M1 T , oE&1J H T • .11. npe.llCTaBJIH-
IOT aMnnHTY .llbl nepexo.n.a B lJHCTble 1-cocTORHHR CHCTeMbl 1t'·Me30ff -
nyKnOH. Bepxmd\ HH.neKc paaen Y.llBoennoli BeJIH'IHHe H30TonHIJeCKOf.O 
cnHHa /. Octtoattoe : attaIJeHHe 9TliX cf>opMyJI aa1<J1104aeTcR a TOM, qTO 
12 BeJIHlJHH £\~> H T •. p,. RBJIRIOTCR JJ.eRcTBHJ'eJibffblMH <f>YHKU.HSIMH TOJlbKO 
9Heprmf j-KB3HTOB. 
I 
I 
) 
I 
I 
) 
I 
I 
( 
I 
l 
I 
B3AHMO.JlERCTllHE. 'lt'~ME30HOB C HYKJJOHAMH 
·-. . . . 
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AMn.1m1ynbl, cooTBeTCTBy10uu1e OT.lle.llbffblM MY.1IbTHnom1M JJ,JIH Pr.. 
uoJij'IBCOTCR na aMn;m1yJ1. .ll.IIR P1+ a JI.JIH P{1.o - na aMnJinTy.lI .ZIJJR 
fr ,npccron aaMeHan aHaKa y '.)£~1 >, 3M1 ( +r>, oM1 \ ~ /> :11 
o£(l) B cpopMy.11ax (D-11 ). TaKHM o6pa30M, 16 KOMnJieKCllb/X aMnJlH-2 ' ' ' 
ry.n .nJISt MYJihninom:tt Bblpa>Ka101csi 'lepea 12 nettcTBHTeJihHhlX ·'lHceJI. 
)laJlbHd\UUle no.npc6HOCTH CM. B pa601e, UHTHPOBaHHOtl B CHOCKe Ha 
c1p. · 423. B peaoHaHCHOe coc1osrH11e .ZlaJOT BKJia.Zl TO.llbKO £~3J · u 
( 
3 (3) M1 2 ) . O>K11.u.ae1csr, 'ITO JI.JIB. E1 ,_ 320 Mao' OHH 6y.llyT 
11M€Tb BH.ll 23 · 
( 
3 ' (3) sin a · 
M1 2) ff E&3> = --:P- x (.ll.dtC'IBiiTeJibHaSI KOHCTaHTa), 
11 ' 
KaK H yKaaaHO B <jlopMyJle (33). 
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